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THE PHILADELPHIA OFFICE of the Keystone 
Bridge Company has been removed from No. 426 
Walnut Street to the CAMBRIA IRON COMPANY’S 
BUILDING, No. 2i8 SOUTH FOURTH STREET, opposite 
the General Offices of the Pennsylvania Rail Road 
Company and the Philadelphia & Reading Rail 


- Road Company. 
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(aes 
N offering our Illustrated Catalogue to the leading railway companies who have heretofore so generously patronized 
< us, and to the public so vitally interested in the safety of bridge construction, we respectfully submit a few hints 


that may form a safe guide in determining the class of structures adapted to their respective wants. 


Classified examples of different styles of bridges, adapted to various spans and localities, have been included, 


accompanied by descriptions of their ruling characteristics. 


Wood-cuts, from photographs of some of the great structures erected by this Company, with brief descriptions 
of the same, have been inserted, with the belief that truthful representations of important executed works, while in 
themselves interesting to the engineer, afford surer indications of the ability and resources of their constructors than 


the most elaborate series of projected designs and pages of extravagant professions. 


. A continuance of the very liberal patronage heretofore bestowed is respectfully solicited, and we assure our 
patrons that we shall endeavor, by means of our improved machinery, increased facilities, and ripened experience, 
to render our work, in quality of material, beauty of design, accuracy of proportions, perfection of workmanship, 


and adaptation to locality, superior to any heretofore constructed. 


KEYSTONE BRIDGE COMPANY, 


Preevsavece P4. 
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This Company was organized in 1865, with a capital of $300,000, | Keystone Bridge Company, and also the new works erected by the 
absorbing the firm of Piper & Shiffler, who had erected bridge | latter Company, including machine-shops, smith-shops, riveting- 
works in Pittsburgh in 1863, and executed many important works. | sheds, bolt-cutting and testing houses, pattern-shops, a large iron 

By a very liberal charter, granted by the Legislature of Penn- | building for a foundry, offices, stables, and all the accessories of a 
sylvania in 1872, the Company was authorized to increase its | first-class establishment. 
capital stock to $1,500,000, and the privilege was conferred to con- In the completeness, extent, and adaptation of all the tools and 
struct general machine-work, and the substructure and superstruc- | appointments required for heavy bridge construction, the works of 
ture of buildings, bridges, and other constructions of wood, iron, | this Company are without a rival in this country, while, at the 
steel, stone, and other material, in any part of the United States. same time, they possess every facility requisite to the construction 

After numerous additions to the original works, the new and | of iron roofs, fire-proof buildings, turn-tables, roadway bridges, 
complete works, of enlarged capacity, were erected on a lot | wooden bridges, and general foundry and machine work. 
embracing six acres of ground purchased for this purpose. The annual capacity of these works is now about $3,000,000. 

The accompanying illustrations show the original bridge works | These facilities are being constantly increased, and further exten- 
of Piper & Shiffler, subsequently enlarged and improved by the | sions of the works are now in progress. 


NEW BRIDGE WORKS. 


§ [it results, as an invariable sequence of the law of demand and 
supply, that one great industry calls into existence other allied 
manufactures especially adapted to facilitate and enlarge its produc- 
tions. The demand for new forms of iron in our improved bridge 
construction, embracing’ channels, beams, hollow columns, and 
“upset” or weldless tension chords, was promptly met by Messrs. 
Carnegie, Kloman & Co., who erected large works adjacent to the 
shops of the Keystone Bridge Company. 

The intimate relations existing between these companies, and the 
immediate proximity of their respective establishments, afford the 
opportunity of observing and directing the special manufacture of 
the iron employed by us in bridge and other work, in all the varied 
manipulations from the ore to the finished bar. 

The quality of the ore and fuel employed, as well as the im- 
proved methods of heating and working the iron, are a guarantee 
that the quality furnished by these and other large mills in Pitts- 
burgh cannot be surpassed for bridge construction. 

Our ability to obtain at our works all shapes of iron, and any 


| 
| 
| 


graduation in thickness and width of bars, rolled to unusual 
lengths, insures a prompt execution of all classes of bridge and 
other work intrusted to us. 

By watching each step in the process of manufacture, and by 
carrying out the careful system of tests instituted by us, not only 
at the mills,—where the bars are piled, rolled, and rerolled, and 
in the smith-shop, where every precaution is observed by skilled 
foremen to detect imperfections,—but also at our works, by con- 
stant tests of specimens cut from bars designed for bridges, we are | 
enabled to determine whether the material, mixture, and working 
of the iron are such as to render the quality satisfactory. 

When the quality is discovered to be below our require- 
ments, the causes can be, at once, determined. The mixture 
and kind of ores are then varied, and such care observed in the 
manufacture as will produce results in conformity with our speci- 
fications. 

A short description, with illustrations of the furnace and Union 
Iron Mills, has been furnished for insertion. 
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UNION IRON MILLS—CARNEGIE, KLOMAN & CO. 


__ The Union Iron Mills are located between the Allegheny Valley 

Railroad and the Allegheny river, in the Fifteenth ward, Pitts- 
burgh. They occupy about eight acres of ground, and consist of 
two distinct and complete rolling-mills, only one of which is shown 
on the accompanying sketch, it being the intention of the firm to 
consolidate the works at an early day. The works contain thirty- 
seven puddling furnaces, fourteen heating furnaces, seven trains of 
three-high rolls, and one “ Universal Plate Mill.” The beam train 
and also the eighteen-inch bar train are perhaps the most complete 
mills in the country; they are covered by a fire-proof building and 
are operated with five Seimen’s heating furnaces. The beam 
train has a capacity of five hundred tons of beams or channels per 
week. The sections made on this mill include ten sizes of chan- 
nels and twelve sizes of beams, varying from three pounds per lineal 
foot to sixty-seven pounds per foot. The eighteen-inch mill is spe- 
cially adapted for large flats, rounds, and squares, of unusual sizes 
or lengths, and for angles, T bars, and other shapes. 
sections, there are rolls for twenty-two different sizes of T bars, 


Of these | 


a 


varying in weight from two pounds per foot to thirty-five pounds, 
and including a number of sections made specially for the United 
States Navy Department. The list of angles and L’s is also com- 
plete. The other roll trains—eight, twelve, fifteen inch, &c.—are 
used for ordinary bar sizes, from three-sixteenths inches round, 
square, or flat, upwards. 

The “ Universal Mill” was.the first successful mill of the kind in 
this country. It is an improvement (patented by Mr. Kloman) over 
similar mills in use in Europe, and is designed especially for rolling 
heavy flat bars or plates up to thirty-six inches in width, with 
sound and true edges, avoiding the necessity of SHEARING. 
plates to thirty-six inches in width, and of any desired thickness, are 
rolled on this train. The quality of all the iron made is specially 
adapted for bridges, or other structures where quality is essential. 
The pig metal used is made by the firm at their “ Lucy” furnace, 
which is located a short distance from the mills on the river and 
railroad. The height of the stack is 75 feet, and the diameter of 
' the base 20 feet. At the time it was built (1872) it was the largest 
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LUCY FURNACE. 


furnace in the United States. Since it has been in successful opera- 
tion two or three other furnaces have been erected, in different parts 
of the country, of the same diameter of bosh. The blowing- 


engines, three in number, (one being in reserve,) are direct-acting — 


vertical engines. The diameter of the air-cylinders is 84 inches, 
the stroke 48 inches. The steam-cylinders have a diameter of 35 
inches, with 48 inches stroke, The steam-boilers, eight in number, 
are plain, cylindrical boilers, 42 inches in diameter and 60 feet long. 
The hot-blast stoves, four in number, are a modification of the 
“Player” patent. The boilers and hot-blast stoves are supplied 
with gas from the stack—no coal or other fuel being used. The ore 
smelted is brought from Lake Superior from the celebrated “ Klo- 


man” mine, the property of the firm. The mine yields two kinds 
of ore—“ specular” and “magnetic,” both of which are found “in 
place” in the same general vein, although not intermixed. The 


specular ore is red-short, and makes a fine quality of Bessemer 


metal, and a very high grade of forge iron (red-short). The mag- 
netic ore produces excellent foundry iron and an equally good 
forge iron (neutral). By a mixture of these ores, either red-short, 
cold-short, or neutral iron can be produced. The average yield in 
metallic iron from these ores is sixty-seven per cent. from the 
“specular” and sixty-eight and one-half per cent. from the “ mag- 
netic.” The average production in metal by the “Lucy” furnace 
has been the largest known weekly production. 

The fuel used is coke made from the slack of Pittsburgh coal, 
twenty miles from the works, on the line of the Pennsylvania Rail- 
road, at»Cokevale station. The slack is washed by machinery be- 
fore coking—the sulphur and shale being entirely eliminated. The 
coke produced by this process is of a very superior quality. The 
yield of the furnace in metal, and the reputation it has acquired, is 
in no small measure due to the excellent quality of the coke—to the 
manufacture of which great care is given. 
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All the buildings about the furnace are strictly fire-proof, and are 
arranged for two stacks. A portion of the machinery for the second 
stack is now on the ground. 

The general office of the firm is on Thirty-third street, Pittsburgh ; 
the eastern office at 57 Broadway, New York. 

The following shows the results of comparative tests made of 
various irons from stock at St. Louis :— 


| 
Number of pieces tested. | Oe ee Per 
’ DESCRIPTION AND MAKERS OF IRON. ae 

OGae Parallel Grooved 

cylinders. | cylinders. | plinders. | cylinders, 

Re eae B 3 41,963 48,330 
Round “ B,” from Southers & Co., : 3 2 49,440 54,310 
“PR iom Grail, Bennett & Co., . . ... 3 3 | 47,390 53,400 
a Tennessee,” ees 6 6 16) 2 46;300 54,273 
OeaGessee, ce 3 3 -|| 47,030 54,300 
4 Kentucky,” eee. ae 9 Oh A746 37 54,463 
Chouteau, Harrison & Valle, . ne 3 Be i) 514510 58,510 
Be a a 2 3 1 | 49,000 «| 156,403 
Carnegie, Kloman & Co.. Pee a. | 62.200 


Carnegie, Klon 
Carnegie, Klon 


Specimens of iron furnished by Messrs. Carnegie, Kloman & Co. 
for the great double-roadway iron bridge, 348 feet span, being 
erected by the Keystone Bridge Company, over the Schuylkill 
river, at Fairmount, Philadelphia, are subjected to tests at our 
works, as the different forms of iron are manufactured. 

The resistance to rupture is shown in the following table, record- 
ing the first series of tests :— 


Breaking 
Diameter of | strain per 
SHAPE OF SPECIMEN. SPeeynens seete inch REMARKS, 
nches. of specimen. 
poling?) 
co oe cs 75 65,500 | \ Cut froma round bar 1 inches diameter. 
ves ae 68,174 | J 
6c 66 hs “75 64,163 \ ‘ 66 13% (73 66 
ee us ve ayils 65,500 : 
“ UG eye 75 62,826 ii a ue 1% « “ 
“ Me or 5 65,500 | J 
fs fe rs “75 64,163 «“ 66 1% 6 “6 
(73 (73 -| “75 60,153 
66 66 eee 75 65,500 66 (73 13¢_ ce “cc 
és : Re ee yes 69,500 |). a toe pues i 
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LONG-SPAN BRIDGES .OF AMERICA, 


The application of iron and steel to the construction of i ae 
of considerable span is of recent date in this country. 

As late as 1862, it is believed that the Green river bridge and 
the Monongahela, with spans of 200 feet, by Fink, and the Schuyl- 
kill bridge, by J. H. Linville, with spans of 192 feet, were the longest 
iron spans in the United States. 

The tubular bridges at Montreal and over the Menai Straits, by 
Stevenson, and the parabolic truss at Saltash, by Brunel, were the 
greatest spans erected by English engineers. 

The Steubenville bridge, containing a span 320 feet in length, 
was the fzonecr of long spans in the United States. Its design and 
construction were intrusted, in 1862, to J. H. Linville,C. E. In the 
execution of the work special provision in tools, machinery, testing 
apparatus, and appliances for erection, was rendered necessary in 
consequence of its unusual dimensions and proportions. 

The Monongahela bridge at Pittsburgh, with a span of 260 feet 
for double track, was constructed simultaneously from the same 


Bellaire and Parkersburg, with spans of 350 feet, and the great 
span of 420 feet in the Newport and Cincinnati bridge at Cincinnati, 
all of which were constructed by the Keystone Bridge Company, 
from designs prepared under the immediate supervision of their 
President. : 

The Parkersburg bridge has two spans of 348 feet, four of 200 
feet, with numerous shorter spans. The Bellaire bridge has one 
span 348 feet, one of 250 feet, four spans 200 feet, and a num- 
ber of 107 feet spans, the approach consisting of forty-three stone 
arches, 28 feet 4 inches each, on a five-degree curve. Cost about 
$1,000,000. J. L. Randolph, Chief Engineer. 


The Louisville bridge, constructed by Albert Fink, contains the : 


next longest span in the United States, being 400 feet in length. 
Spans of 300 feet have been erected at St. Charles by Shaler Smith, 
and over the Missouri river at Atchison by the Detroit Bridge 
Company. 

The cut illustrates the system of construction adopted at Steu- 
: rene a 
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general design, submitted by J. H. Linville Chief Engineer, has been | hei h 
:, ‘ | height of structure, length of spans, volume of water, and depth t 
es and ces for the great bridge over the Hudson at | rock, render this project Sranabe the grandest and most diffieale état 
ougnkeepsie, N. Y., with five Spans of 525 feet each. | engineering skill has ever been required to undertake and accomplish. 


These will be the longest spans of truss-bridge ever attempted in Pivot bridges were generally constructed, previous to 1860, of two 
this or any other country. The success of previous works, on similar | disconnected spans, sustained by guys depending from a central 


| 
| 
) plans, is the best evidence of their practicability for extended spans. | tower, or with guys to aid in stiffening wooden trusses. 


_ The distance from high water to the lower chord is limited by | In the Schuylkill bridge these accessories were omitted, the 
; the charter to 130 feet. _ trusses being designed to be self-supporting when revolved on the 
_ The grade will be elevated 190 feet above high water. | pivot centre, 
The eastern approach consists of four spans of 260 feet, and five | This method of construction now prevails almost exclusively. 
spans of 135 feet, at varying elevations. The accompanying illustration, taken from the Keokuk bridge, 
The depth of water varies from fifty to sixty feet. The immense shows the pivot span, 387 feet in length. 
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GENERAL PRINCIPLES OF CONSTRUCTION. 


The early examples of iron bridges constructed in the United 
States bear a striking resemblance to their wooden prototypes. It 
is apparent that, in designing these structures, due care has not 
been observed in estimating the effects resulting from moving loads, 
or in proportioning and combining the parts to offer the highest 
resistance. 

Many portions of these bridges present an excess of strength, 
while other parts are deficient in size and so imperfectly united as 
to render them valueless. 

It is true that later builders have avoided many of these errors, 
but instances of erroneous construction are still of frequent 
occurrence. 

It too often happens that parts resisting tensile stresses are not 
combined in such manner as to render the entire sectional area 
efficient in sustaining foads. By some of the methods employed 
in connecting bars and plates a loss of twenty to thirty per cent. is 
caused by screw-threads and rivet-holes. 

By varying the form of cross-section and the manner of combin- 
ing pillars or struts with the other members of a truss their effi- 
ciency may be greatly increased and much useless material saved. 
The extraneous weight resulting from such defects in proportion, 
form, and connections must be carried by the efficient portions of 
the material, reducing considerably the available strength of the 
bridge. 

But accuracy in proportion and refinements in the methods of 
combining the parts do not embrace all the prerequisites to insure 
immunity from accidents. The quality of materials employed and 
the limit of strain assumed are, perhaps, more important elements 
of security. 

Perfection of workmanship, by which each part is made to fit 
accurately and bear uniformly its due proportion of stress, precludes 
uncertainty of action in the numerous parts of a complicated 
structure. While numerous failures of bridges and roofs have re- 
sulted from inaccuracy in proportions and a deficiency of mate- 
rials, instances are not wanting in which similar catastrophes are 
directly traceable to the use of an inferior quality of iron and 
unskilled workmanship. 

The unexampled success of the Keystone Bridge ee in 


the manufacture and erection of railway bridges, roofs, and other 
engineering works, has followed as the legitimate result of well- 
digested plans and sound principles of construction. 

Discarding alike the foreign precedents of splendid but expensive 
engineering, and the early American examples,—crude in design, 
defective in quality of material, proportions, and details of construc- 
tion,—the officers of this Company, by the application of scientific 
principles, careful observation, and mature judgment, influenced and 
corrected by practical experience, have originated and brought to 
perfection a class of railway structures which, in material, design, 
proportion, and details of construction, have not been excelled in 
this or any other country. 

Their distinguishing features are lightness, strength, and economy, 
attained by employing wrought iron in tubular forms for compres- 


' sive strains, and weldless links in tension members. 


The forms of iron rolled to shape for use in tubular struts, chords, 
and arches, and the upset links and bars, are now generally speci- 
fied for all first-class structures. 

The superiority and economic value of tubular forms for struts 
or compressive members, and weldless ties for tension members, 
(by the employment of which a minimum weight with a maximum 
strength is attained,) are self-evident. 

No surer indication of the popularity and efficiency of these forms 
is necessary than is afforded by the efforts of other builders to meet 
the demand by introducing the prominent features of these inven- 
tions. 

The patents owned or controlled by this Company cover numer- 
ous details of great value in construction. 

Among these may be classed hollow wrought-iron columns of 
various approved forms ; tension chords and suspension bars, manu- 
factured by our improved processes; the disposition of lower chords... 
and suspension ties between ribs on the bases of the posts, and the 
provision for inspecting and repainting every part of the iron work. 

While tubular chords may be well adapted, theoretically, to 
resist the direct compressive strains, the necessity for intermediate 
joints of cast iron at every post to facilitate the connection with the 
struts and ties, and the danger of deterioration by.oxidation, render 
their use of doubtful expediency. 
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The early decay of all such structures will soon induce careful 
and conscientious engineers to exclude them. 

In the bridges erected by the Keystone Bridge Company, provi- 
sion is made for painting the interior of struts by spreading apart 
the bars composing them. The increased first cost is more than 
compensated by the greater durability of such structures. It is 
obvious to any reflecting mind, that very thin tubular columns 
placed over damp situations must be seriously weakened by corro- 
sion in a few years, while columns that can be kept constantly 
repainted may be preserved indefinitely. 


In designing and constructing bridges, the following points 
deserve consideration :— 


JI. The exercise of care and discrimination in the selection of 
materials. 


II. Accuracy in proportion. 

III. The employment of materials—subjected to strains of ten- 
sion or compression—in the form best adapted to resist these 
strains; by this means securing the maximum of strength with the 


minimum quantity and weight of material. 


IV. Perfection of details and connections, by which is secured the 
greatest efficiency of the materials employed. 


V. Special adaptation of every structure to the locality, and the 
service it is required to perform. 


VI. Specifications of the loads to be carried, factor of safety, 
quality of materials, details and character of workmanship that 
have been demonstrated by investigation and experience to -be 
essential to insure the requisite strength, safety, and durability of 
bridges designed for roadway and railway traffic. 

A few pages will, therefore, be devoted to the following subjects :— 

1. Quality and strength of materials. 


2. Proportions of structures. 


3. Tension and compression members. 


4. Form and arrangement of details. 
5. Adaptation to locality and service. 
6. Specifications. 


MareriAts UsEp IN Constrruction.—When any material is 
strained either by a tensile or a compressive force, the elastic reac- 
tion of the fibres (equal to the force applied) is proportional, 
within certain limits, to their extension or compression. 

Beyond this limit the law as above stated ceases to apply; and 
the change of length no longer regular, increases more rapidly with 
each additional unit strain applied, than the reaction due to the 
elasticity of the fibres. Permanent se¢ and, ultimately, rupture, must 
result from the continued application of increased weights. 

The sensible limit of uniform elastic reaction is termed the “mt 
of elasticity. 

The weight in pounds requisite to elongate or shorten a bar the 
transverse sectional area of which equals one square inch, by an 
amount equal to its length,—on the imaginary hypothesis that the 
law of elasticity holds good for so great a range,—is termed the 
modulus, or co-efficient of elasticity. This co-efficient, designated 
by the symbol £, can be correctly deduced only by carefully-con- 
ducted series of experiments, in which the applied unit of strain lies 
within the limit of elastic reaction. 

It is self-evident, on the hypothesis that the extension or com- _ 
pression will be proportional to the weight applied, that the elon- 
gation A, of a bar one inch square due to the applied weight per 
square inch /, will be to that weight, as the length / of the bar is to 
£, the modulus, or weight required to extend it a length equal to Z/; 


oar Apel deta ao. 
whence £ — ae and A ee 


These expressions are of convenient application in determining 
the modulus of elasticity from experiments on bars of any length, © 
and the extension or compression of bars due to any applied 
weight. 

To vary the expressions for any sectional area S, the total strain 
F applied must be divided by the sectional area S, and the general 
formula for any cross-section will consequently be as follows :— 

2 Fl Fl 
ee SA 
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It has been proved, by a series of carefully-conducted experi- 
ments, that wrought-iron bars extend about .o0008 part of their 
length for each ton of two thousand pounds applied weight per 
square inch of sectional area, or zy45 th part of their length per 
ton per square inch. This uniform rate of extension holds good 
until the applied weight has been increased to ten or twelve tons 
per square inch, after which the bars rapidly stretch, with greater 
or less regularity, depending upon the quality of the iron. 

Pee mit of elastic reaction is reached, according~to some 
authorities, at about ten tons per square inch, and the co-efficient of 
elasticity usually adopted, both for tension and compression, is 
24,000,000 pounds per square inch. 

If a bar of iron one inch square and ten feet long stretch .oooo8th 
part of its length per ton per square inch, the co-efficient of elasticity 
Rete fg. = 25,000,000 pounds. 

The following experiments on temporary cable links for St. Louis 
bridge were made at our works to determine the modulus of elas- 
ticity :— 


Lixperiments made on Six Upset Link Bars to determine their 
Modulus of Elasticity. 


Nominal size, 6% inches X tr inch. Area, 6.5 square inches. 
Actual average size, 6.55 inches X 1.04 inch. Area, 638; square 
inches. 
_ Length of bar centre to centre of pin-holes, 27 feet 6 inches. 
Length of bar on which “A” was observed, 26 feet = 312 inches. 


) 
| 


Ram Ram Area of 

No. of | pressure | area. Strain on bar. bar. Strain per sq.|. Length | /Extension ine?| Modulus. 

bar. pst sq.in.| Square Pounds. Square |inch on bar “| of bar Z, | es Be 

Pounds. | inches. inches Pounds. Inches. | Inches. A ‘ 

aes 

I 250 | 260 65,000 6,85 O555 | 312 | 0.120 24,850,800 
2 250 | 260 65,000 6385 F555 9, 3r2 0.120 24,850,800 
3 250° |. 200 65,000 6355 O50 | B12 0.120 24,850,800 
4 260 | 260 67,600 6,85 9,941 312 0.120 25,846,600 
5 400 | 260 104,000 6355 T5300 | 20210 0.155 25,803,300 
6 260 | 260 67,600 635 9,941 B12 |) ©1260 24,846,600 
6a | 400 | 260 104,000 6385 15,300 | 312 | 0.185 | 25,803,300 
170,052,200 
Average modulus on seven experiments, 25,230,030 _ 


This average modulus indicates an extension of z74,<th part of 
the length for each ton of two thousand pounds, applied strain, per 
square inch of sectional area. 


| 
| 
| 


-and of tensile elasticity, in annealed bars, 


By Hodgkinson’s experiments, the co-efficient of compressive 
elasticity of wrought iron is 23,243,179 pounds per square inch, 
27,691,200 pounds per 
square inch. An elongation of .0oo8 per ton of two thousand two 
hundred and forty pounds per square inch, would indicate a co-effi- 
cient of elasticity equal to 28,000,000 pounds. 

In testing materials previous to their employment in permanent 
structures, the proof strain should never exceed the limit of 
elasticity. 

The practice of testing bars to, even, twenty thousand pounds per 
square inch is objectionable, inasmuch as the strains are greater 
than the material should ever be subjected to in a structure. 

A better method is to test sfecemen bars, for modulus of elasticity 
and ultimate strength, and test the bars to be used in structures to 
one and a half times the strain per square inch assumed as the 
maximum working strain. This working strain for wrought iron 
in bridges, and structures subject to sudden shocks and vibrations, 
should not exceed one-half the limit of elastic reaction, or about 
ten thousand pounds per square inch. 

In all bridges designed by this Company, this limit of strain has 
been adopted. 

In addition to the tests for tensile strength, especial care is exer- 
cised in selecting best grades of western irons, (which are superior 
to the eastern anthracite metals,) and in the heating, piling, and 
rerolling, or triple-rolling the same. 

The tensile strength of a specimen is not a certain criterion of its 
adaptability to bridge work. A very hard, brittle iron will fre- 
quently snap, at a very high strain, without any considerable 
elongation; while soft, tough, well-worked fibrous iron will elongate 
rapidly and break at lower strains. 

The former will often break short, with crystalline fracture, and 
is, therefore, manifestly unfit for bridge work; while the latter is 
always reliable for strains within its limit of elasticity. 

The testing-machine is indispensable in determining the relative 
moduli, the limit of elasticity, and the behavior of specimens 
subjected to strains of tension or compression. 

Whether a specimen will snap short, after a slight elongation and 
diminution of area, or stretch considerably, with a marked decrease 
of the section, and the extent to which these changes occur, is 
readily ascertained by experiments made in a suitable apparatus. 

While such experiments are valuable in determining certain 
qualities of the material, they fail to disclose many inherent defects. 

The experiments of Kirkaldy, and the numerous trials made 


and moderately soft; but such results are generally due to hard- 
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almost daily at our works, prove, conclusively, that cylinders of | punching, welding, breaking, and other well-known processes, 


uniform diameter will break at from seven to ten thousand pounds 


more reliable information can be obtained, as to the purity, density, 


less strain per square inch of original area than specimens of the | toughness, and other qualities of the material, and its fitness for 


same iron when tested in cylinders in which a short groove has 
been turned. The effect of this groove is to limit the locality of | 
the breaking point, prevent any considerable elongation, and to 
cause the specimen to snap with less reduction of area. 

It is further shown that a high breaking strain may, in some 
instances, be due to the iron being of superior quality, dense, fine, 


ness and the absence of ductility, the breaking strain failing, in 
most instances, to indicate the reliability and fitness of the material 
for bridge work. 

The breaking strain of fractured area affords indication of the 
comparative ductility of different irons. 

Frequent working improves the iron and renders it less liable to 
snap. A hard, dense iron is shown to be best adapted to resist 
compression. 

The practical test of general quality and adaptation should be 
made in the smith-shop. By bending cold, heating, hammering, 


the purpose to which it is to be applied. 


The decrement of length of wrought iron, subjected to compres- 
sion, averages .ooo1 of the length, for each ton per square inch, 
until ten to sixteen tons per square inch have been applied, after 
which the specimen begins to bulge or distort. 

In thin tubes or cells this distortion occurs with a pressure of 
thirty-six thousand to fifty thousand pounds per square inch of 
sectional area; the latter in short, hollow cylinders. 

CasT IRON is a brittle material and liable to numerous defects. 

The average ultimate tensile strength is about sixteen thousand 
pounds per square inch, and the resistance of short blocks to com- 
pression is about ninety-five thousand pounds per square inch. 
The ultimate extension of cast iron averages ;jgth of the length, 
while the compression, under*the same strain as is required to 
determine its ultimate tenacity, is 7+;th of the length. 

The decrement of length under compression, per ton per square 
inch, averages about .00018 of the length, while the increment of 


TABLE OF TESTS. 


\| Original dimensions. Dimensions after test. | | A : | | | ‘Breaking weight per square inch. 
pe gee a eget eee eae Fiat ee dence! Bann vo the suai | Modulus. | easy.” || oferpingl 4) ain 
| | Diameter. Area. Inches. . | ganeree ane coe | | ; Y Eeores | a il Pe ia | mrt ad 
EG |! Lis Se rar eames | | | \| 
I 0.999 752 1° 10.5 O,08507 «0.007 4s | Faas -095 6.5 12,700 0.0032 25,790,000 | 22,900 | | 49,400 56,300 
2 0.998 O7o27 | 105 O.873'" |. 90:506 6 1 aos .166 | 6.7 12,700 0.003325 | 25,500,000 | 25,500 1 54,000 72,000 
3 | 0.998 0.782 10.5 0.936 | 0,688 | 11.6 1047 6.8 12,800 | 0.00341 | 25,520,000 | 24,300 || 49,800 56,600 
4 \\ 1.06 OWS + | bose ae AO sy Tr Ce els 1274 6.7 12,730 0.00315 27,070,000 | 25,400 || 47,770 62,900 
5 1.003 0.799 | 40.5 | 0,840 0.554 \.6; 13:00 1238 6.55 12,600 | 0.002925 | 28,200,000 | 21,500 || 48,700 69,400 
6 1.002 0.788 10.5 | 0.887 OlOT Sus 4] 12.4 WS hOd es: "s Gyas 12,600 0.003 | 27,400,000 | 24,100 || 46,900 59,800 
7 1.003 O:790 | | OD | 0.900 0.636 12.9 Vo fry 61525 12,600 0.0032 "25,700,000 | 20,250 ||; 47,100 58,500 
8 0.998 OP7O2 fl a7) || 0,699 0.384 | 9.8 bk 42 2.0 12,800 0.00215 21,430,000 | 21,600. || “aya7o 97,6000 
9 . GHOU7: | E200 mal... OAO87 2 teas i: .242 6.68 Ce oe 28,100,000 | 28,000 | 56,840 96,629 
10 ae 0.7980 TU0G3 411 OaATS ii ae wo 6.63 26,000,000 | 25,000 |] 50,125 90,538 
> ae 0.7854 TT,0007 | 0.5153 ea | 23 6:3 | 30,000,000 | 27,000 || 49,814 753027 
i201) 0.8028. | 7.00 | |, 70/5675 ‘on .18 3.6 32,000,000 | 24,000 | 51,712 72,625 
13 gee te ONS0G,. iad 1 ZOO Uy OAS SOO a eee he 30 25 30,000,000 | 29,000 || 50,087 89,011 
14 eee Daa 7 OO ae V @aqmn | .253 3.75 30,000,000.| 28,000. || 50,536 95,223 
P51 8  O.4a 77 7.00 | | 0.2552 | 25 4.00 i | 32,000,000 | 26,000 1 51,373 90,126 


These tests were made with uniform cylindrical test pieces, without a “ groove” or “ breaking-point”” being turned in them. 
Nos. 1 to 7, inclusive, were single-rolled, hard iron, from Messrs. Spang, Chalfant & Co. 


No. 8, single-rolled, soft, fibrous iron, from Messrs, Lyon, Shorb & Co. 


Nos. 9 to 15, double-rolled, soft, fibrous iron, from Messrs. Carnegie, Kloman & Co.—Tests made by C. A. Uber, U. S. N. 


Be Ee ee ee eS 


se 


REYSUONE BRIDGE COMPANY. 


a1 


length under tensile strains averages .00024 of the length per ton 
per square inch. 

Changes of temperature affect cast iron more than wrought iron, 
the relative | rates of expansion for wrought and cast iron for a 
change of 1° F. being .oo00069, and .oo00062 of their length. 

Cast-iron tubular columns and chords are liable to inequalities in 
the thickness of the metal. 

The buoyancy of the liquid metal causes the cores to rise. It is, 
consequently, difficult to maintain them in their true central position. 

The impurities of the metal frequently settle to the lower side of the 
casting,and the metal flowing from different inlets chills before meeting. 

These, and the efforts of confined air to escape, cause the castings 
to be of unequal thickness, and to present numerous defects, such 
as honey-comb, cold-short, blow-holes, &c., while rapid and unequal 
cooling produces inherent strains and renders the casting liable to 
break under slight shocks. 

Tubular castings for bridges should be cast on end, in dry-sand 
moulds. The metal should be carefully skimmed, and the casting 
should be allowed to cool slowly and uniformly. 

By this process, carefully conducted, many of the defects inci- 
dent to tubular castings may be avoided. 

Upper chords of cast iron, made in this manner and designed so 
as to exclude water, can be safely used in bridge construction; but 
a decided preference is given by this Company to columns and 
compression chords entirely of wrought iron. 

Cast iron is used by this Company only in short, blocks or flat, 
solidly-bedded plates, which are subjected to compressive strains, 
and, in some instances, in bases and capitals of posts, washers, 
gibs, &c. Should any portion be subjected to tensile strain, the 
safe limit is assumed at one and a quarter tons per square inch, 

Cast steel is readily injured by heating, upsetting, or punching, 
welds with difficulty, and snaps readily at any shoulder or indenta- 
tion. Unless forged to the form in which it is to be employed, it 
cannot be advantageously used in tension members of bridges. 

Large bars of steel break at low strains when attachments are 
made on the surface, as by nuts or collars. This is probably 
owing in a great measure to the unyielding nature of the material. 
The surface cracks before sufficient elongation occurs to permit 
the strain to be diffused throughout the entire mass, and the bars 
consequently fail in detail. 

The imperfect working of large bars, and the inherent strains 
produced by drawing, may account for a considerable reduction in 
their comparative strength. 


Investigations were made in 1857 by the President of this Com- 
pany to determine the applicability of cast steel to bridge construc- 
tion. It was not found advantageous except for compressive 
members of long spans where the saving of dead weight becomes 
a primary consideration. Its use, in the Illinois and St. Louis 
bridge, being constructed by this Company according to the designs 
of James B. Eads, Esq., has afforded opportunities for making 
experiments with large masses, which confirm the above conclusions. 

When the requisite provision is made to resist flexure, steel of 
high quality may be safely subjected to compressive strains equal 
to one-half its elastic limit, which ranges from forty thousand to 
sixty thousand pounds per square inch of sectional area. 

Tension members of steel should be made of small, well-worked 
bars, forged to the form required, without welding or upsetting. 

In connecting-pins it may be employed to advantage. 

It is believed that true economy indicates the exclusive employ- 
ment of wrought iron and wrought steel, in the most approved and 
durable forms, in bridge construction. 

The material should, in all cases, be manufactured with special 
reference to the duty required of it, so that, in quality and form, it 
may be best adapted to resist the stresses to which it may be 
subjected. 

That its strength may not be impaired by the rapid and certain 
reduction of area by oxidation, it is imperatively necessary to make 
the requisite provision for repainting all portions of the structure. 


PROPORTIONS OF STRUCTURES.—Bridges should be proportioned 
that each part will have the same relative strength as all the other 
parts,-within the elastic or safe limit, under the maximum effects 
resulting from their dead load and the maximum moving loads, 
due allowance being made for the destructive effects of impact and 
vibration. 

The panel system and floor-girders should be designed to sustain 
weights varying as the length of panel, to be determined by ascer~ 
taining the greatest possible weight that can be made to occupy a 
given girder, or a given length of track equal to one panel, by the , 
heaviest locomotives in use on the line. 

The chord system should be proportioned for the heaviest pos- 
sible load that can be thrown on the bridge by assuming an excess 
for impact and vibration over the average weight per lineal foot of 
the heaviest trains. On all railways it is a frequent occurrence for 
several engines and tenders to be coupled together, drawing heavy 
trains. 
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The strains on the chord system, determined by combining the 
effects of the uniformly distributed and the assumed average vari- 
able or moving load covering the entire bridge, must be increased 
by the increments of strain due to the effects of the excess of engine- 
load, on the panel system, over this average distributed load. 

If an engine be placed in the middle of a long train covering the 
entire bridge, or in advance of a train and closely following the rear 
of another train, equal in weight per lineal foot to the assumed 
maximum average load, it is evident that: the maximum stress on 
the centre of the chords will occur when the engine is at the centre 
of the span, and the increment due to the excess of engine weight 
over the assumed variable load, uniformly distributed, will decrease, 
inacertain proportion, as the engine approaches the end of the span. 

An increase of the strength of the panel system, without increas- 
ing the chord system, ‘can be justified only on the supposition that 
such a distribution of the load, as has been described, may never occur. 

Every engineer and railway man can recall instances when 
several engines have been coupled together, in removing snow, &c., 
or in drawing heavy trains. 

New locomotives, of the heaviest class, are daily drawn in the 
midst of long trains laden with heavy freight. 

These resultant strains, caused by possible concentration of loads, 
must be considered in all well-proportioned structures. Their 
omission by many bridge-builders undoubtedly economizes mate- 
rials, by reducing the chord section, and thereby diminishes the 
cost, but cannot be justified by correct reasoning. 

It is a well-established fact that the live load is more injurious to 
the parts of a bridge than the stationary or dead load. In short 
spans, where the dead weight is small in comparison with the live 


load, and where the engine and tender nearly, if not entirely, cover | 


the entire span, the injurious effects produced by the live load are 
readily perceptible. 

The deflections, and the destructive effects caused by a moving 
load, increase with the speed of trains; and trains generally pass 
short spans at maximum speed, 

These and other obvious considerations render it essential, in 
proportioning bridges, to assume a uniformly distributed live load 
tn excess of the probable weight of average trains. This must be 
combined with the excess of panel weight deduced from the por- 
tions of the weights of the heaviest engines concentrated on a 
wheel base equal to the panel length. Allowance may also be 
made for the increased average weight, per lineal foot, occupied by 
engine and tender on an adjacent panel. 


This excess of engine weight over average variable load should 
be greatest for short spans, and may be diminished as the length 
and dead weight of span increase. 

The engine designed for the Newport and Cincinnati bridge 
weighs over thirty-nine tons, on a wheel base of ten feet. This is 
not an isolated example. 

For main lines of traffic, it is not considered prudent to assume 
less than forty tons in a span of twelve feet,—stringers spanning 
over twelve feet should be sufficiently strong to carry one and one- 
half tons per foot for each additional foot. The excess of average 
live load per lineal foot (exclusive of excess of engine weight) over 
the average weight per foot of heaviest trains is allowed, to compensate 
for the destructive effects of vibration due to impact and high speeds. 

The following table of weights of engines, and average weight 
per lineal foot concentrated on drivers, has been compiled from the 
illustrated catalogue of the Baldwin Locomotive Works. 


Tags 4 
| a Dist. Average Average 
& | centres Weight on] wei | Total | Total | “eign 
DESCRIPTION OF ENGINE. : extr'me aaa of track be pele: be Jineal, 
7 \Rt. “in drivers. track. 
Pr) Passetiperand treioht, .) (2 0. 4 | 6.6 | 30,000 | 4,615 | 20.13¢ | 50,000 | 2,480 
2 Me ft Ba ah a EA ts 4 | 7.0 | 35,000 | 5,000 | 20.734 | 55,000 | 2,660 
3 - % ee Sans peas 4 | 7.8 30,000 | 5.087 | 2473 60,000 | 2,820 
4 by us 4 | 8.0| 45,000 | 5,625 | 22.61% | 70,000 | 3,111 
& | Jeu-wheeled treight, 74 23: 6 | 12.44 51,000 | 4,220: | 22-0 67,000 | 2,910 
6 | Pushing-engine “‘ Mogul,” . . .| 6 | 14.0) 57,000 | 4,071 | 21.4 66,000 | 3,094 
7 « ie “ . » «| 6 | 14.6 | 62,000 | 4,280] 21.10 | 71 @OGi aaa 
8 “ ue » cen o [HOt ESO" G6 00 4.400 | 22.5 76,000 | 3,390 
9 “6 « “Consolidation,” | 8 | 14.9 | 87,000 | 5,900 | 21.10 | 96,000 | 4,400 
10 | Switching-engine, separate tender,) 4 | 6.0 | 34,000/ 5,666| 6.0 | 34,000 | 5,666 
II “ ee fe “21 4] 7.0 | 38,000 |5,428|.:7.0 | Seige eee 
12 i : ey 4 | 7.6} 56,000 | 7,466 | 7.6 56,000 | 7,466 
13 a ; 2 071 4.8} 30,000 | 6,420 | TIS 35,000 | 3,111 
14 | . “ 3 “ . 6 | 9.9 | 52,000 | 5,333} 9-9 | 52,000 | 5,333 
15 | Tank switching-engine, . . . .| 4] 7.0|49,000| 7,000! 7.0 _ | 49,000 | 7,000 
16 es S re aie 4 | 7.0 | 56,000 | 8,000] 7.0 56,000 | 8,000 
17 ss ae i 4 |. .4.8|35,000 | 7,500 | 11.3 40,000 | 3,555 
18 ke a se 4 | 7.0 | 50,000 | 7,142 | 14.714 | 56,000 | 3,830 
EO ae < in 6 | 9.9 | 60,000 | 6,150} 9.9 60,000 | 6,150 
20 2 c a » ay,» (HOS) 20:0 | 66,000 ) 66001 Tord 66,000 | 6,600 
21 | Pass’rand freight, narrow gauge, .| 4 | 6.6 25,000 | 3,846 | 12.4% | 30,000 | 2,424 
22 | Freight, narrow gauge, 6: [' 8.7.1 31,000 (2,618 | 1422 35,000 | 2,340 
23 a ze cf 6 | 9.4 | 36,000 | 3,880 | 15.4 40,000 | 2,670 


In determining the greatest concentrated load that can fall on 
one panel apex of bridge (two trusses), we must consider the 
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weight carried on a pair of drivers, and the distance between 
drivers, or the wheel base. <A portion of the weight on drivers is 
transferred, by means of the rail-stringers, to the adjacent cross- 
girders and the apices of adjacent panels. 

The greatest weight that can be thrown on the centre of the 

stringers, for different spans, may be determined in the same manner, 
and an equivalent distributed load may be assumed equal to twice 
the weight at the centre. 
_ For instance, with engine No. 4 one pair of drivers would occupy 
the centre of an eight-feet span, and the equivalent distributed load 
would be twenty-two and a half tons, if we disregard the continuity 
of the stringers. 

The following table for cross-girders for different panel lengths, 
and heaviest loads concentrated at apices of panels, has been com- 
piled from Table I. :— 


twenty-one feet ten inches, or forty-four tons on fourteen feet nine 
inches, or a total load equivalent to about fifty-four tons uniformly 
distributed; therefore, spans twenty-five feet in length should be 
proportioned to carry at least five thousand pounds per lineal foot. 

Isosceles trusses with short panels require distributing stringers, 
to distribute the weight borne by one pair of drivers over several 
apices. It is judicious, however, to assume six thousand pounds 
per lineal foot live load for fifteen feet, and three thousand pounds 
per lineal foot for the remainder of the span, for spans of forty to 
sixty feet, and to proportion the panel system accordingly. 

In truss-bridges, with panels twelve to fifteen feet in length, the 
panel weight should vary from twenty-six to thirty tons. The uni- 
formly distributed live load should not be less than three thousand 
pounds per lineal foot, for spans up to one hundred feet. Trains of 
merchandise may average nearly two thousand pounds per lineal 
foot: trains of locomotives and tenders, nearly three thousand 
pounds per lineal foot. 

Allowing for differences (in loads) and for the effects of impact and 
high speeds, the following table will exhibit the average live loads 
and panel weights that may be safely assumed for different spans :— 


TABLE A 
S } oe 
ba | ‘g Weight on one ee girder spaced a) Weinhlon ons were on seneers 
z a | 
bs) 5 © ins A ve) s Bh a eS 
ENGINE. be 4 ; | ot 3 et | = 25 88 
2 we x3) #f ee 2 
Big i ete] es fle lal ag (zl & 
eee Pee ee le | a sel se) SE 
Ze = a Oe a i | tale |e = ae 
eae 4 ‘Feet. Tons. | Tons. Tons Tons. "Tons: a Feet. | Tons. Pounds. 
Newportan : 
ee : 6 fe) I 18 26 | 28 I 26 | 10,400 
Cincinnati, te) 3 3 4 
(NGOs 7 I I 1S: | 1 22 ; I 28 ‘ 
’ 4 
No. 18, ey 12.5 | 12.51 12-5) 109) 19) |, 1G | 7 118 | 265) aes 
No. 20, CeO tr ert Py 227 2426 1.8 | 13 | 26] 7,500 
No. 16, ear | : PTO: OTA) 28: | tk600 
N. and C., | | | Pie iae | 17 | 34 | 5,666 
He ee | | cane fae is |.207| 40 | 55336 


Short spans of six to ten feet may be subjected to loads of twenty- 
six to thirty tons, and they should therefore be proportioned for a 
load of six thousand to nine thousand pounds per lineal foot. Spans 
fifteen feet in length should be proportioned to support fifty-five 

hundred pounds per lineal foot. 
_ Thecentre load on a twenty-foot span from Newport and Cortes 
engine would be about twenty-five tons. The equivalent distributed 
load would be fifty tons. It will not therefore be safe toassume less than 
five thousand pounds per lineal foot, for spans twenty feet in length. 

Spans twenty-five feet in length, supporting an engine of thirty- 
nine tons on twelve feet, would be in the same condition, nearly, as if 
loaded with twenty-six and a half tons at the centre, or fifty-three tons 
uniformly distributed. Engine No. g will throw forty-eight tons on 


Excess of 
Length |Panel weight/Average load/panel weight) Total mov- 
Span. aa oe perlineal |per foot over] ing load. REMARKS. 
Feet oot. foot. average Tons. 
load. 

TO sa 6,000 6,000 30 Solid girders. 

12 | 6,000 6,000 36 « “ 

BR 6,000 | 6,000 45 a Me 

20. 5,500 5,500 55 ‘ ‘“ 

2h ee 5,000 OOOH as: 62.5 a «¢ 

30h 15 6,000 3,500 2,500 71.2 | Trussed or plate girders. 

AO LS 6,000 | 3,000 3,000 82.5 es es 

SO rs 6,000 | 3,000 | 3,000 97.5 Trussed, plate, or latiiae girders. 

Gols 15 6,000 || 3,000 3,000 1125 

75 12.6 5,000 | 3,000 2,000 125 Truss- ee ich pagle ae eStOn, 
LOO! ie 4,500 | 3,000 1,500 182 « 
125 14 4,500 2,900 1,600 192.5 os & ie re 
TSO 15, 4,500 2,900 1,600 229.5 st - ss 
200i 142 4,500 2,800 1,700 292 ne ‘s ‘s ¢ 
250 14¢ 4,500 2,800 1,700 362 Truss bridge, ee taterse ota 
300 15 4,500 2,700 1,800 413.5 s 
350| 47%] 4,500.| 2,600 1,900 | 469 Truss- bees dou ble or ata 
400 Sea) 4,500 2,600 1,900 534 a a 
450 4,500 | 2,500 | 2,000 | 577 eee x = 
500 4,500 2,500 2,000 640 : Ss f ye 
550 | 4,500 2,400 2,100 675 4 ge G i 


These proportions of panel weight may be Aisle varied. 
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The uniformly distributed live load has been assumed sufficiently | may be required; while in eis solitudes fifty pounds per superficial 


in excess of the actual weight of average trains, as previously | 
recommended, to compensate for the destructive effects of impact, 
vibration, &c. 

The long-span bridges, designed and erected by this Company, 
have been proportioned for a transient load equivalent to three 
thousand pounds per lineal foot ; and in localities where high speeds | 
may be maintained, the adoption of a less weight in the calculations, 
distributed as indicated, would not be considered judicious. 

For bridges designed for lateral roads and light traffic, where | 
light engines only are to be employed, a deduction of ten to twenty | 
per cent. in live load and weight of engine may be admissible. 


Roadway Bridges, City Bridges, Foot Bridges, Suspension Bridges. 


Roadway bridges should be proportioned to support safely droves 
of cattle, or heavily-laden wagons, and when sidewalks are added, 
provision should be made to support the same when loaded with a 
crowd of people. The fearful tragedy at Dixon, IIl., gives force to 
this suggestion. 

The minimum weight per square foot, on the floor appropri- 
ated to the roadway, should not be less than seventy-five pounds. 
For the footways, which may be packed with people, one hundred 
to one hundred and twenty-five pounds per square foot should be 
assumed as the maximum live load. 

The floor joists and cross-girders, sustaining a panel length of 


twelve to fifteen feet, should be capable of supporting safely a weight | 


foot may afford ample strength. 
Suspension bridges are generally constructed to span large open- 


_ ings, and the excessive weight required to support the loads here 


recommended for street and roadway traffic has, too frequently, 


_ induced their designers to assume live loads much lighter than 


| 
| 


of fifteen tons on that portion of roadway, and five tons on one | 


panel length of each sidewalk six feet in width. 
In city bridges, carrying street traffic, one hundred pounds per 


_ square foot of surface should be assumed as the minimum live load. 


The girders and joists should be of sufficient strength to support 
this load, together with the dead weight of floor formation, with 
strains not exceeding one-half the elastic limit. 

The destructive effects of vibration are increased, in roadway 
bridges, by irregularities in the roadway, the tread of animals, the 
measured step ‘of infantry producing isochronous vibrations, and 
by numerous other causes incident to their use. For these reasons 
it is not considered advisable to assume a less factor of safety than 
that recommended for bridges designed for railways. 

In the design and construction of foot bridges for public parks 
or private grounds, greater latitude is attainable. On crowded 
thoroughfares one hundred and twenty-five pounds per square foot 


prudence and careful investigation would seem to demand. | 

Examples are numerous in this country where thirty pounds per 
superficial foot of roadway has been taken to represent the live load, 
and under this load, and the weight of structure, the resulting strains 
in the cables are about one-fifth their ultimate powers of resistance. 

We have never had the hardihood to design suspension bridges 
to carry less than sixty pounds per superficial foot, with a factor of 
six for safety. 

Seventy pounds per square foot, with factor of safety of five, for 
best iron or steel wire cables, with ample provision for increased 
strength and stiffness of the floor system, seem the least that can 
be recommended, with due consideration for the —— and durability 
of such structures. 

The Keystone Bridge Company, in designing structures, estimate 
for strains per square inch on the material, under the calculated 
maximum effects of the combined loads above stated, as follows:— 

Best rerolled bridge iron, in tension, ten thousand pounds per 
square inch. Best chord iron, in compression, short column, eight 
thousand pounds per square inch. Columns, one-fourth the bending 
stress, as determined by quality of material, the ratio of length to 
diameter, and the mode of fixing. Cast iron, in compression, in 
short tubes, eight thousand to ten thousand pounds per squaré 
inch; compression, in long columns,—factor six, strength determined 
by empirical formula, or by experiment. 


TENSION MrEmBERS.—Members subjected to tensile stress should 
be of uniform strength throughout, presenting the greatest possible 
resistance to strains with the least weight and expenditure of mate- 
rial. The conditions are fulfilled— 

first-—By the employment of square or round bars, with screw- 
ends enlarged by upsetting, so that the sectional area at the base of 
the screw-thread is equal to the area.of the body of the bar. 

Second.—Loops, formed on the ends of square bars by bending 
around the full section of the bar, and uniting the scarfed end to 
the body of the bar, exceed the strength of the bars, provided the 
reverse curvature of the loops is made with a radius of two to three 
feet, in proportion to the size of the bars. 
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Lhird—wUpset eye-bars, or rectangular bars with the enlarged 
ends made by compressing the iron, while hot, into moulds, by 


immense pressure, fulfill all the conditions of uniform strength. To_ 


obtain reliable eyes, it is necessary to upset the ends somewhat in 


excess of the required size, and, after reheating, reweld them under 


a steam-hammer, or by additional pressure. 

The various methods employed to produce eye-bars of uniform 
strength had invariably proved unsuccessful, until Linville & Piper, 
in 1862, devised and demonstrated the success of their method of 
upsetting the ends. 

Welded bars were found to be reliable only for seventy-five per 
cent. of the sectional area of the bar. 


Howard and Ravenal rolled links, with the fibre impaired by the | 


method of rolling, were not of much higher value. The usual 
process of upsetting by forging was unsuccessful, since frequent 
reheatings reduced the section at the junction with the heads. 

By the Linville & Piper patent, eye-bars are made to shape 
under pressure in moulds, into which the heated iron is forced by 
immense pressure. 

The head being slightly thickened,—say twenty per cent.,—the 
area of the connecting-pin should be greater than the area of the 
bar, and the semi-cylindrical surface-bearing should be equal to the 
sectional area of the bar. The sectional area outside of the pin-hole 
should exceed by twenty-five per cent. the area of the body of the 
bar. By increasing the thickness of the heads the diameter of the 
_ eye can, generally, be maintained at about one-half the width of the 
bar. The bearing-surface for the pin, as well as the resisting area 
at the eye, is more advantageously increased by thickening, than 
by increasing the width of, the heads. 

‘The patent of Messrs. Linville & Piper cover the use of eye-bars 
for bridge and roof construction. They first introduced them in a 
bridge on the Junction Railway, and afterwards, in 1865, in the 
channel span of the Steubenville bridge. 

The introduction of these forms, and the use of tubular struts, by 
decreasing the dead weight of bridges and increasing the effective- 
ness of the tensile and compression members and their connections, 
have worked a complete revolution in the method of bridge con- 
struction. 


Compression Mempers.—The cylindrical form of strut or column | 


is the best adapted, theoretically, to resist compressive force, applied 
vertically, in the direction of its axis. A hollow cylinder, of uniform 
thickness, is the only form of strut offering uniform resistance to 


flexture, transversely, in every direction, and affording the highest 
resistance with the least expenditure of material. 

The great cost of lap or butt welded tubes led to the invention, 
by Messrs. Linville & Piper, of hollow posts, made by uniting 
together specially-rolled sections. 

The addition of flanges, convenient in securing the edges, does 
not materially increase the lateral stiffness in the direction of the 
diameter taken midway between the flanges. The material in the 
flanges would therefore be more economically disposed by in- 
creasing the diameter or thickness of the shell. 

This Company usually employ the octagonal form—in order to 
preserve greater symmetry in the proportions of columns—swelled 
towards the centre. By increasing the diameter at the centre, and 
separating the sections, greater resistance to flexure is obtained, 
and the openings between the sections allow the interior of the 
column to be repainted. 

Patents were granted Linville & Piper in 1862 and 1865 for im- 
provements in bridges, embracing wrought-iron columns, the use 
of upset chord links, and various important details of construction. 

The first wrought-iron hollow columns of specially-rolled shapes 
were employed by Linville in 1861, in the construction of the iron 
bridge over the Schuylkill river, near the U. S. Arsenal, Philadelphia. 

Since that time wrought-iron columns have rapidly superseded 
the use of cast iron in bridge construction. 

Patents have since been granted to J. H. Linville for columns 
made of sections, united by transversely intersecting tie-bolts. 

The material in the periphery is symmetrically disposed, and the 
tie-bolts effectually resist all tendency to collapse or bulge under 
pressure. 

Experiments prove that columns united at intervals by transverse 
tie-bolts are stronger and more economical than riveted columns. 

Mr. Piper’s lately patented column is well adapted to bridge or 
architectural work requiring ornamental forms. 

For horizontal or inclined compression members, the cylindrical 
form is inferior to rectangular sections. The weight of the cylin- 
drical column or strut produces downward flexure. When cylin-- 
drical columns are employed as leaning struts, provision should be 
made to equalize their resistance to flexure. 

The chord connections formed by interposing cast-iron blocks 
are open to objection. Upper chords should be continuous, and 
of one kind of material. 

Chords and inclined struts, made up of beams, channels, plates, 
&c., are more generally adopted by the best builders. 


26 KEYSTONE: BRIDGE CORPANY, 


Form AND ARRANGEMENT OF Deraits.—To secure the best | 
results with the minimum of material, the details of a structure 
should be so designed as to render the connections of equal 
strength with the parts combined, and to direct the resulting 
stresses through the axial lines of the tension and compression 


- 

Bearing surfaces in pin-holes, and elsewhere, should always be of 
| such area as to resist, within the limit of prescribed strain per square 
inch, the weights they are required to support. 

The weight of the moving load should be sustained directly from 
the pin connections at the lower apices, or placed directly over the pins 
members. ofthe upper apices. When transmitted through the chords, acting as 

Every portion should be effective in supporting the loads, or in | a beam, increased transverse strength must be given to the chords. 
resisting wind pressure and lateral vibrations,—the strength ofa com- | By using transverse floor beams, supported directly on the chords, 
posite structure being determined by the strength of its weakest part. | or on auxiliary beams placed parallel to the chords, the floor can 

Uniformity of strains, with reference to the ultimate strength of | be made more secure, at a slightly increased cost, than by the sys- 
the several members, should be carefully preserved. | tem of cross-girders and longitudinal stringers. When the latter 

By employing pin connections at the intersections of the chords, | method is employed, auxiliary stringers should be placed near the 
ties, and struts of a truss, the component and resultant strains are | trusses. Long cross-ties, spaced about two feet between centres, 
confined to directions seca gas with the axis of the struts, ties, | should be arranged transversely on the stringers. 
and chords. | Longitudinal guard timbers, placed on top of the ties, may then be 

The chord bars should be distributed on each side of each sus- | bolted through the ties and lower lines of stringers, thus effectually 
pension diagonal or tie. | combining the whole. Such a combination, if planked over, would 

By this arrangement shorter pins may be employed, and all ten- | carry a train, in event of accident to wheels or axles, and, in most 
dency to bend them may be obviated. - | instances, protect the trusses from injury. 

When all of the chord bars are disposed outside of the ties, the | | When members of a truss act both as struts and ties, provision * 
length of the connecting-pin, as well as the bending moment, is | should be made to prevent motion at, and consequent wearing of, 
necessarily increased. | the pin connections. 

In the former disposition of the parts, the sectional area of the pin | _It is generally more economical and effective to employ counter- 
should be thirty-three per cent. more than the area of one chord | | ties to resist the disturbing effects of accidental loads. 
bar, or one tie, if the section of the tie is greater than that of the | Upper lateral struts should bear against the chords in the line of 
chord bar. longitudinal strain. If placed above the upper chords, transverse 

In the latter arrangement, an increase of section is requisite to | strain in the post will result. 
resist the moment of flexure due to the horizontal component of Lateral and diagonal ties must be adjustable to insure Be 
the stress on the tie, and the increased length of the pin. alignment of the trusses. 

The struts or posts may rest on the pins with circular bearings, Upper chords can be made continuous, or be jointed over the 
or stand on the chords with flat bearings. posts. If joints are used they should be at the pin connections. 

With circular bearings, transverse and diagonal strains in the When jointed at each side of the posts, as by the method of 
struts must be resisted at the expense of nearly two-thirds of the | short cast-iron joint-boxes, in combination with tubular wrought- 
effective strength of the strut. iron sections, the chords are less rigid laterally, while the sections 

The method adopted in our later improvements, by which pin | may be readily displaced by violent concussions, resulting in certain 
connections are employed between the chords and ties, while the destruction to the entire span. 
struts or posts bear with flat ends on the lower chords, and support Every exterior part of a structure, as well as the interior of all 
the upper chords on flat end bearings, is most effective. _ rolled hollow members, should be readily accessible for cleansing ~ 

The deflection in a truss cannot “produce any appreciable or in- and repainting, by which means, alone, the safety and durability of 
jurious cross strain in wrought-iron struts so arranged. The com-_ iron work can be insured. 
bination is more solid and compact, and the effective strength of a The Keystone Bridge Company has, since its organization, 
column with flat bearings is secured without any increase in the advocated these views, and adhered to them in all construction 
cost of the combination. designed by them, unless trammeled by specifications. 
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While they will faithfully adhere to ‘plans and specifications 
provided by their patrons, and execute contracts for work according 
to the design prescribed, the details and proportions of work 
intrusted to them will, in all cases, be designed with reference to 
the greatest effectiveness and durability of all its parts; and in the 
execution of the work no efforts will be spared to attain that 
accuracy and perfection of workmanship of which their superior 
tools and appliances are a guarantee. 


ADAPTATION TO LocaALiTy AND ServiceE.—The adaptation of 
designs for bridges to the incidents of locality and scenery opens a 
wide field to the architect, for the display of refined taste and the 
production of zsthetic effects. 

In subserving the requirements of railway traffic and roadway 
travel, the skillful engineer may combine economy and strength 
with beauty of design and correctness of proportion. 

The grand structures that span our mighty rivers are beautiful 
by their apparent lightness and immense strength, resulting from 
a scientific disposition of materials. 

The effect may be greatly enhanced by the selection of graceful 
and appropriate forms of truss, introducing ornamentation only to 
embellish the construction. 

In the selection of a design, the locality as well as the service 
should be carefully considered. 

For the deep ravine, the arch or the suspension bridge is gener- 
ally most appropriate. 

A series of graceful arches can be employed with the best effect 
for street bridges over wide rivers. The rigidity of arch bridges, 
owing to the absence of a tension chord, renders them particularly 
appropriate for traffic requiring heavy paved roadways. 

In-localities requiring spans of great length, suspension bridges 
with stiffened roadway may be successfully employed. 

For street crossings, continuous beams, supported on columns 
located at the curb lines, are less expensive than single spans, and 
require less headway. 

In parks or ornamental grounds, the light; graceful arch, the or- 
namental lattice or truss, or the varied forms of the suspension 
bridge, may, by skillful treatment, be made to harmonize with the 
surrounding scenery, and to enhance its beauty. 

In the construction of railway bridges, utility and safety are the 
ruling considerations. 

For this reason it is preferable to place the track on the upper 
chords whenever sufficient headway can be obtained for the purpose. 


When the most economical length of span and depth of truss 
have been determined, an undergrade bridge should be employed, 
provided the requisite clearance can be obtained. Should the clear 
headway required for floods be insufficient, an overgrade bridge 
may then be employed, the track being placed near the level of the 
lower chords. 

Overgrade bridges are more difficult to brace against wind pres- 
sure, and the trusses are more exposed than undergrade bridges 
to accident from passing trains. 

High trusses, admitting overhead, lateral bracing, should be 
employed in spans over seventy-five feet or one hundred feet in 
length. 

For spans shorter than seventy-five feet, better proportions are 
secured by employing low trusses, the upper chords being well 
stayed, laterally, by stay-braces footing into independent girders. 

When the headway is limited, the track may be placed midway 
in the depth of the trusses or on the lower flanges, the cross-girders 
of rolled beams being secured by gussets and stays to the trusses. 

For all the requirements of locality and service, this Company 
has matured designs, or will prepare such as cannot fail to meet the 
public wants. 

They are not confined to any favorite design or mode of con- 
struction. 

Their aim is to manufacture and adapt their work to the views of 
their patrons. : 

While the plans and details, that have been matured and tested 
satisfactorily by years of severe trial, can be recommended with 
confidence to engineers and the public, any changes that may be 
suggested will be duly considered, and modifications from our 
standard forms will be made, when desired. 

A plan and profile of the locality, with precise information as to 
the location, capacity, and object of a proposed structure, will gen- 
erally enable us to prepare an approximate estimate and acceptable 


design. 


SPECIFICATIONS.—The bridges constructed by the Keystone 
Bridge Company conform to these general specifications. 

Structures are proportioned to sustain rolling loads, and panel 
weights specified in the tables, unless otherwise ordered. Tensile 
strains resulting from these loads, together with the dead weight of 
the superstructure, shall not exceed ten thousand pounds per square 
inch of sectional area. 

Strains in compression shall be varied in proportion to the ratio 
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of length to diameter of columns and chords, by Gordon’s formule, 
so as to afford the same factor of safety, referred to the elastic limit, 
as in the tension members. . 
The iron employed in tension shall be soft, fibrous iron, specially 
manufactured, by repiling and rerolling refined bars, in order to 


insure the requisite uniformity and toughness for first-class bridge | 


work, 


Beams, channels, and plates to be equal to any other in the | 


market. 

Lower chords and (when desired) suspension bars will be our 
patent weldless chord bars, or bars with upset eyes. 

Ties and counter-ties, laterals and suspension bolts, will be made 
without welds, excepting in forming scarf-welded loops, in which 
the weld receives only one-half of the strain sustained by the bolt. 

Screw-threads will be enlarged by upsetting, so that the area of 
the screw end, clear of the thread, will equal the area of the bar. 

All abutting joints will be planed or turned, and all pin-holes 
accurately bored, so that no error in length between pin-holes shall 
exceed one sixty- fourth of an inch. - 

Pins shall accurately fit the holes. 

In riveted work all abutting joints shall be true, and all edges 
neatly dressed. 

Rivet-holes shall be accurately spaced and truly opposite. 

Rivets shall be made of the best rivet iron, and shall be duly 
proportioned to insure the strongest work. They shall be driven 
to completely fill the holes, and shall have full heads, 

All iron-work shall have one coat of suitable paint and oil at our 
works. 

All turned or planed work exposed shall be protected with white 
lead and tallow before shipment. 

Parties procuring work of us have the privilege of making any 
tests they require on material and finished work, within reasonable 
limits, to satisfy themselves of the accuracy and general quality of 
workmanship and materials. 

The materials will all be manufactured with special reference to 


the uses to which they are applied, and all workmanship will be of | 


the best quality found in first-class bridge work. 
The deflection of structures depends upon the ratio of depth to 
length of span, and the strain per square inch on the material. 
With the usual proportions, our bridges deflect less than one 


inch per one hundred feet of span under trains of locomotives | 


moving at high speeds, and recover their original camber after the 
removal of the weight. 


Floor system will be arranged with stringers and cross-ties, 
transverse floor-beams, or with extra stringers, long ties, and 
guards, as may be stipulated in orders for work. 


CoUNTER-BRACING.—The action of counter-bracing, in a truss 
under the effects of a uniformly distributed stationary load and a 
moving load of uniform density, may be exhibited to the eye by 
a simple arithmetical method. 

The reaction of the supports is together equal to the aggregate 
weight of fixed and partial loads. 

The reaction of each support is equal to one-half the uniformly 
distributed dead load. 

The reaction of each support, due to the partial load, is equal to 
the load multiplied by the distance of its centre of cravity from the 
remote support, and divided by the distance between the supports. 

The reactions of the supports having been determined as above, 
by the principle of the lever, the resulting strains in every portion 
of the truss can be found by resolving the forces towards the centre, 
deducting, as the operation progresses, the weights borne at each 
apex until a point be found at which there is no vertical strain. At 
this point the strains of compression in the upper chord and of 
tension in the lower chord are greatest, and they meet and balance, 
showing that the system is in equilibrium. The portions of the 
uniform and partial moving load, on each side of this point, do not 
pass the point of no vertical strain, but are transmitted to the 
nearest support. 

Ties and counter-ties in the same parallelogram or panel cannot 
both act at the same time, unless an initial stress be given to the 
counter-tie. The elongation of one diagonal under tensile stress 
relieves the tension in the other. 

These propositions may be demonstrated by a simple arithmetical 
method, as follows :—Let figure 1, plate 10, be a simple truss of ten 
equal panels. Assuming that it is uniformly loaded with four tons, 
supported at each of the lower apices, the reaction of each support 
will be twenty tons,—eighteen tons passing through the end verticals, 
and two tons being transmitted directly to the supports by the 
track-stringers. 

“Resolving the forces towards the-centre and indicating the strains 
in terms of the vertical weight, remembering to deduct the weight 
of one panel or four tons at each lower apex—the point of equilib- 
rium, and no vertical strain will be found at the centre. “The 


_ actual strains on the ties are found by multiplying the vertical 


| 
| 
| 
| 
| 
| 
| 
| 
. 


| effects by the secant of the angle of inclination of the ties, and the 
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actual effects on the chords by multiplying the vertical components 
by the tangent of the angle made by the tie with the vertical. 

The counter-ties are not brought into action under a uniformly 
distributed load. 

Let figure 2, plate 10, be a similar truss, devoid of weight. 

If a weight W, = ten tons be suspended at the first lower apex, 


nine tons will be transmitted to the right support and one ton to | 


the left support,—the strains being indicated on the diagram. 

If another weight W, =—ten tons be suspended at the second 
apex, the reactions are respectively 53, < twenty tons = three tons 
on the left support, and 47 x twenty tons = seventeen tons on the 
right support. 

The resulting strains are indicated in figure 3, in terms of the 
vertical components. The strains in the lower chords and ties, 
together, balance at the point of no vertical strain. It may, in the 
same manner, be shown that with W, applied at the first apex, 7 of 
this load goes to the remote support; with W, applied in addition 
to the second apex, ;%; of one panel weight goes to the remote 
support; with W., applied in addition at the third apex, 6; of one 
_ panel weight goes to the remote support; and so on in a simple 
series, increasing by the addition of two, three, four, five, &c. to the 
numerators of the fractional co-efficients whose denominator is the 
number of panels. ; 

In figure 4, plate 10, the effects of the uniform load of four tons at 
each apex is combined with the effect of W, = ten tons applied 


at the first apex. The reactions of the end.verticals being found, | 


as before, the resulting strains are indicated in terms of the vertical 
components. 

It is apparent that no counter-tie is required in this figure, the 
weight at the centre being precisely balanced. A counter-tie, adja- 
cent fo the centre, cannot be brought into action until the centre 
vertical, with the weight of half a panel of the uniform load, has been 
lifted. 

In figure 5, plate 10, an additional weight of ten tons is applied 
at the second apex. Total weight, sixty tons. The effects will be 
as indicated. 


| 


| To make up the total reaction on the right support, seventeen 
| tons of the uniform load and the entire partial load of twenty tons 
go to this support. 

The remaining diagrams exhibit the effects when the partial loads 
are added successively to the remaining apices. 

If W = the uniformly distributed load on one panel, 

W, = the moving load of uniform density on one panel. 
| The co-efficients for the end diagonals, for uniform load, will be 
_ half the number of panels less one-half, or the number of panels less 
| one divided by two, and decreasing from the end by deducting one 
_ panel weight from each successive diagonal tie. 
| The weight on the ties that meet at the centre will be one-half 
| panel to. each. 
The fractional co-efficients for the ties for a load moving from 
| the left until it covers the entire bridge are, for numerators, 1, 3, 6, 
| 10, 15, 21, 28, &c., increasing from unity by regular additions of 
2, 3, &c., the denominators being the number of panels. 

| In a truss of ten equal panels, with height equal length of one 
| panel, or one-tenth the span, the maximum strains may be found as 
| 


follows :— 
R==secant of tie angle —- “Seat serene = fiche — 1 APA. 
Io 


vertical 


ae ' Zeus pase one panel). 2) 10g 
S = tangent of tie angle = “<onemnt — © — 1, 


W = four tons. 
W, =sten tons: 


| jl 

| No. of tie. FORMULA. Vertical effect. haieeer: strain on tie. pe ade 

| | 

| I (45 W, + 2°W) R. | 63.00 | 89.08 | No, 12 

| 2 ($6 W,+ 5 W)R. | 50.00 | 70.70 Saver 

| 3 (25 W, +3 W)R. 38.004 aay Ba73 10 

| 4 (24 W, + 3 W) R. 27.00 | 38.18 ec. '9 

| 5 (42W,+4W)R. 17.00 24.04 ‘os 8 
6 (42 W,—4 W)R. 8.00 11,31 a, 
7 (4 W,— 3 W) R. 0.00 Ate 2-6 
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HINTS TO PARTIES ORDERING BRIDGES. 


When ordering bridges or soliciting proposals or designs, parties | 
should furnish us the following information, if practicable :— 

Distance from centre to centre of piers. | 

Distance in clear between piers. 

Thickness of piers and width of bridge-seats on abutments. 

Length of piers and bridge-seats on abutments. 

Distance from base of rail to top of masonry. 

Angle made by centre line of piers with axis of bridge. 

Distance from grade to high and low water. 

Depth of water, mud, &c. in river. 

Kind of bottom in river,—mud, gravel, sand, or rock, &c. 

Description of bridge required, whether for railway or highway, 
single or double track. 

State whether sidewalks are required. 

Whether track is required on upper or lower chords. | 

If the locality is occupied by an existing structure, give descrip- 
tion of same. 

State the nearest point to which material can be transported by 
rail or water. 

For pivot bridges give clear openings, diameter of pivot-pier, 
distance from grade to top of masonry and high water. 


Name the loads per lineal foot for railway bridges, or per super- 
ficial foot of floor for roadway bridges, that the bridge will be 


_ required to carry in addition to weight of structure. 


Railway companies, who have constant use for timber on their 
lines, will find it more economical to provide the lumber for false- 
works and scaffolding. 

They may also furnish the stringers and cross-ties, and place the 
same at reduced cost and remove existing wooden bridges. If they 
desire to do this they should so advise us. 

By reference to the following descriptions and plates, a design 
may be selected, or some general idea of the class of structure 
desired may be civen us. 

The President of this Company may be consulted as to the 
location and the designs and specifications for important works. 

Communications, in reference to bridges, roofs, iron buildings, 
rolling-mills, or any work in our line, may be addressed to either 
of our offices, as follows:— 

Ve. a LInviLte, President, 426 Walnut street, Philadelphia. 

To |, LaPeer; General Manager, Pittsburgh, Pa. 

Or WALTER Karri, Engineer Keystone Bridge Company, 211 
Washington avenue, St. Louis, Mo. 
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Division A.—So.tp GIRDERS. 


Flate r, figures 1, 2, 3—These bridges are of solid rolled beams for | 
spans from ten to twenty feet. | 

They are especially adapted for farm-road crossings under railways. 

They will be shipped ready for erection, and can be placed in 
position by the trackmen or road carpenters. 


Division B.—TRussEpD GIRDERS. 


Plate 1, figures 4, 5,6—These girders are adapted to spans of 
twenty feet to sixty feet. The upper chords are composed of rolled 
beams or channels, to which a top plate is riveted to increase the 
lateral resistance. 


_ der these girders rigid and prevent lateral vibration. 


The vertical struts are made of tubular post iron or rolled 


| beams. 


The lower chords and ties are composed of weldless links joined 
by connecting pins. 

Adjustable counter-bracing and lateral and diagonal bracing ren- 
They are the 


most economical form of girder for limited spans. 
Division C.—PLATE GIRDERS. 
Flate r, figures 7,8,9.—Plate girders are the most rigid form of 


girders, and can be used with advantage in spans from twenty feet 
to sixty feet, and upwards. 
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Girders sixty feet in length’ may be shipped complete, ready to 
be placed in position. 

These girders are more expensive than trussed girders, but give 
the highest satisfaction on roads where heavy traffic and high speeds 

revail. 
We build these bridges with either three or four girders for double 
track. 

The floor beams may be of wood or iron. : 

When the headway is limited, we use rolled beams for cross- 
beams, supporting them on the lower flanges, and uniting them to 
the trusses by gussets or angle iron. 

Rigid lateral and diagonal bracing is introduced when desired. 


Division D.—Deck BripcEs, SINGLE INTERSECTION TRUSS. 


Plate 2, figures 1 to 12.—These bridges, illustrated in elevation, 
plan, section, and detail, are made with vertical end posts, or with 
the upper chord supported on bolster and pier plates, resting on 
the stone bridge-seats. 

The upper chords are continuous and exclusively of wrought 
iron, being composed of rolled beams, channels, and plates, the 
underside being left open to admit of repainting. 

The posts are hollow, rolled columns, also left open to facilitate 
inspection and repainting of the interior. 

Unless repainted every few years, hollow columns will rapidly 
deteriorate by oxidation. 

The lower chords are weldless eye-bars. The diagonal ties either 
weldless bars or square bars, with loops formed by long scarf 
welds, subjected to only one-half the strain that is resisted by the 
ties. Counter-ties and laterals are adjustable. Pin connections are 
used ‘in upper and lower chords. The track is supported on long 
cross-ties, resting on heavy longitudinal stringers, which are carried 
on transverse rolled beams placed over the posts. No transverse 
strains can occur in the tension or compression members. These 
bridges can be adapted to any span or depth of truss required, and 
may be used for double track, with either two or three trusses. By 
increasing the section of the upper chords, transverse floor timbers 
of wood can be used instead of the system of track shown in the 
plate. 

The lateral struts are placed opposite the centre lines of the 
chords—their normal position, obviating any undue strains on 
the posts, and rendering the lateral and diagonal bracing independent 
of the floor girders. 


| 
| 


| 


Division E.—TPHROUGH OR OVERGRADE BRIDGES, SINGLE 


INTERSECTION. 


Plate 3.—Figures 1, 2, 3, and 4 illustrate a description of truss now 
generally adopted for spans over seventy-five feet. Figures 5, 6, 7, 
8, 9, 10, and 11 illustrate a design adapted to shorter spans. 

In spans over seventy-five feet the trusses are made of sufficient 
height to admit upper lateral bracing. 

These bridges have all our improvements—cylindrical hollow 
columns, wrought-iron upper chords, weldless chord links, pin con- 
nections, adjustable counters, suspended cross-girders, and improved 
safety floors. 

When desired, longitudinal iron beams are placed between the 


| chords to support transverse floor beams. 


The low trusses have stay-braces, abutting against independent 
transverse beams, and are consequently free from vibrations caused 
by the deflection of the cross-girders. 

The leaning end posts are connected by suitable ribs to the pin 
connections with the upper chords, obviating the strains occurring 
at this point in the usual form of rigid connections. 

The caps and bases of the posts are made of wrought or cast 
iron, as may be specified. 


Division F. 


Plate 4~—Through or overgrade bridges one hundred and fifty 
to two hundred and fifty feet spans, and upwards. 

This general design, with slight modifications, may be used for 
deck or undergrade spans. 

Figures 1, 2, 3,and 4 show the general design of truss in elevation, 
plan, and section. Figures 5 to 13 are details of the posts, chords, 
and connections. 

A peculiarity in this design is the new method of combining 
columns having flat ends with weldless chords and pin connections. 

Figures 10 and 12 show the connection between the chords and 
posts. The lower chords are brought compactly together, the 
posts resting on the same, by means of a flat bearing-plate. No 
ribs are required, the pins are reduced to their minimum length, 
and the strength of the columns is nearly doubled, without decreas- 
ing the elasticity of the structure. At the upper chord short 
bearing-pieces are introduced to support the pin, at short intervals, 
and afford a bearing for the caps of the post. These details are 


| superior in economy and efficiency to any others now employed. 


KEYSTONE BRIDGE COMPARY. 


Spans over one hundred and fifty feet havellknee- bracing at all 
posts, to resist the effects of wind pressure. 


Division G.—Pivot or Draw BRIDGES. 


Plate 5—Figure 1 is a side elevation; figures 2 and 3, plan of | 
lower and upper chords; figures 4 and 5, end elevation and section 
at the half-span, and figure 6 an elevation at centre of bridge. 
Figures 7 and 8 show the central cone, drum, track, and rotating 
gear, operated by an engine attached to the drum. Figure 9g 
shows the wedges which give firm supports to the ends of the 
trusses when elevated by the hydraulic lifts. The machinery of the 
turning and elevating gearing is so perfect that one man controls 
the turning and elevating apparatus at will, by a system of levers. 

The longest span pivot bridges in the country now in successful 
operation are controlled with ease and certainty by the apparatus 
illustrated. 

Various forms of improved pivot centres are now employed by 
this Company. For shorter spans a centre similar to that used for 
turn-tables, illustrated on plate 9, is generally employed. 

Plans for railway or roadway bridges, of any span, operated by 
power or by hand, furnished on application. 
head or beneath the floor, as desired. 


Engines placed over- | 


| 
| 


| 
| 
| 
| 
| 


The great pivot bridges at Dubuque, Keokuk, Kansas City, | 


Chicago, Cleveland, Middletown, Philadelphia, and many others, 
have been constructed by this Company, and give great satisfaction. 


Division H.—Lonc-span BRIDGES, 250 TO 500 FEET AND Upwarps. 


Plate 6.—Figures 1, 2, and 3 illustrate the style of bridges so 
successfully employed over the Ohio river, at Bellaire, Parkersburg, 
and Cincinnati ;—the latter span of four hundred and twenty feet is 
the longest span of iron truss-bridge on this continent. 

The trusses are double, rendering them much more effective 
than single trusses, to resist wind pressure. 

This Company has been the Zzoxeer in the construction of long- 
span railway bridges, and the invariable success that has attended 
their efforts in this direction has gained for them a prestige’ enjoyed 
by no other company. 

We are prepared to execute spans of truss-bridge or arches, in 
iron or steel, for spans up to six hundred feet, and guarantee satis- 
factory results. Over deep ravines or rivers, the spans can be erected 
without scaffolding. 


Division I.—SusPENSION BRIDGES, STREET AND PARK BRIDGES. 


Plate 7—Figures 1, 2,and 3 show the usual form of wire suspen- 
sion bridge. These bridges are adapted to roadway traffic, in spans 
of any extent up to one thousand six hundred feet. The towers 
_may be either of iron or stone. 

Iron stiffening-trusses are introduced to prevent undulation. 

Sidewalk trusses are employed to serve the double purpose - 
stiffening-trusses and railings. 

The cables are made offiron or steel wire, or of iron or steel lide 
according to span required, 

We prefer the cables made of flat links, vertical ties, and stiffening- 
trusses. For railway bridges, a peculiar and effective arrangement 
of stiffening-trusses is employed, rendering these bridges as rigid as 
a truss-bridge. 

Figures 4 and 5 illustrate a usual and elegant form of wrought- 
iron or steel arch adapted to street traffic of large cities. These 
designs can be varied to exhibit any degree of elegance and orna- 
ment suited to the locality. 

Whenever it is admissible, the arch form, from its elegance, 
should be preferred for the avenues of approach to cities. 


Division J—IRron Roor TRUSSES. 


Plate 8 —Figures 1 and 2 are diagrams of the usual form of iron 
roof trusses, 

These forms are varied by us indefinitely, to adapt them to cir- 
cumstances. They may be curved or hipped. 

The details are perfect. Figure 3 shows the heel-block and con- 
nection, with the rolled deck-beam used as a principal. 

Figures 4 and 5, the struts of channel-bars or T iron, and the 
connections with the ties and principal. 

Figure 6 shows the connection at the hip. 

Figure 7 illustrates the usual form of rib employed for large 
spans up to three hundred feet, suitable for terminal passenger 
depots, &c. 

The curvature and ornamentation of these designs can be modi- 
fied according to circumstances. 

We are extensively engaged in the construction of shops, depots, 
and rolling-mills, steel works and furnace buildings, with iron frame- 
work and iron roofs. 

Wooden roofs and heavy framing of wooden brides, trestle-work, 
&c., a specialty. 


REXOLONE BK 
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Division L. 


Plate 11.—This is a highly ornamental structure, with 16-foot 
sidewalks and 68-foot roadway, designed for the bridge over the 
Schuylkill river at Girard avenue, Philadelphia, to accommodate the 
travel to Fairmount Park. 

The roadway consists of granite paving, laid on iron quarter-inch 
buckle plates, supported on transverse beams of rolled iron. 

The sidewalks paved with slate flagging, ornamented with borders 
of encaustic tiles. 


ca 


The trusses f ornamented, and the railings, lamps, guard- 
| railings, &c., are of elaborate design. 

The bridge was designed to carry one hundred pounds per super- 
ficial foot of floor, with factor of six for safety. 

Masonry of granite, neatly cut. 

Piers founded on the solid rock, without concrete. 

A bridge constructed according to this design may be made of 
any width or with any desired ornamentation. 


TURN-TABLES. 


Plate No. 9.—The Keystone Bridge Company’s wrought-iron turn- 
tables for railroads have been brought to the highest degree of per- | 
fection. By the use of the improved steel-cone centre, invented and 
patented by John L. Piper, General Manager, he effects certain im- 
provements over other anti-friction centres in use. The cones of the | 
“Piper centre” are longer, give more bearing, and cannot be displaced. | 

They are kept in true radial line by steel spindles, which bear at 
the outer ends against a steel ring, greatly reducing the friction. 

These centres are used also in some of our pivot bridges. 


The turn-tables are entirely of wrought iron, in the best form of 


plated beams. They are thoroughly trussed, both laterally and 


eo 
a 


| diagonally, and are provided with trailing wheels carried by wrought- 
iron beams. They are adjustable at the centre. The exemption 
from risk of fracture so frequently occurring in cast-iron tables—their 
adaptation to any size or depth of existing pit, without expense or delay 
for new patterns—their cheapness, strength, and durability—render 
them greatly superior to any other turn-table offered to the public. 
The leading railways are using them to the exclusion of other forms. 

_ Wherever they have been tested, they give unbounded satisfaction. 
| Plans, lithographic views, estimates, &c., furnished on application, 


_and new tables, adapted to diameters and depth of pits, supplied on 
| short notice. 


PLATE 12. 
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All the above shapes are rolled by Carnegie, Kloman & Co., whose works are in im 


designs will be supplied by us, fitted ready for use in buildings, bridges, or other structures, at rates as low as offered by any other responsible parties. 


mediate contiguity to those of the Keystone Bridge Company. These and other special 
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KEYSTONE BRIDGE COMPANY. 


IRON BRIDGES OU, eee BY LHE KEYSTONE BaioGe COMPANY. 


NAME OF COMPANY, 


LOCATION. 


Pennsylvania’ Railroad Extension, . 
ee *eé oe 


6é 6 “sc 


Pittsburgh, Cincinnati and St. Louis Railway, . 
oe “ee “ce 


North Missouri Railway, : : 
Chicago, Alton and St. Louis Railway, : 
Mississippi River Bridge Company, . 

Ulinois Central Railroad, 

Cleveland, Mt. Vernon and Delaware Railroad, . 
Pittsburgh and Cleveland Railroad, 4 
Michigan Southern and Northern Indiana Railroad, 
Central Railroad of New ‘hoe : 

Chicago and North-western Railroad, ; ; 
Sharpsburg and Lawrenceville Bridge Company, : 
North Missouri Railroad, ‘ 
Philadelphia, Wilmington and Baltimore Railroad, 


Coal Road Branch of Pennsylvania Railroad, . 
Allegheny Valley Railroad, 


ee e ce 

hi Se ” . . . ° . . . . . . 
Pittsburgh, Washington and Baltimore Railroad . 
Little Miami, Columbus and Xenia Railroad, . 


Pacific Railroad of Missouri, . 
Thomas Iron Works, . 


& ““é ce 


“é ee iad 

Lehigh and Susquehanna Railroad, . . 
ee ce 66 
“e “ec “ 


Baltimore and Ohio Railroad, 


“e ““c 


Monongahela, channel span, . 


tie east span, 
Bailey’s Coal Works, . . 
Steubenville, ge 


6e 


6 channel span, . 


Saw Mill run,. . 
Whitewater, 

Dayton, 

Middle Fork eck 
Paine. creek, 
Louisiana bridge, 
Cathsh Noli, . 

Mt. Vernon, 

Yellow creek, . 
Swan’s creek, . 

Point of Rocks, . 
Clinton, 

Sharpsburg, roadway, . : 
Moline ereek,. . 
North Christiana creek, 


Tinker run, Irwin Satins 


Kiskiminetas, 
Pine creek, 
Cowanchannock, 
Crooked creek, 
Soho, span 2, 


Ceesar creek, 


Taylor creek, 

No: 7, 

No? 2; “iets 
Rockaway, oe es 
Delaware river, Easton, see 


Lehigh river, Spans E and 3, : 


ef ae 2; 
Bellaire, : 


“ce 


Parkersburg, ei 


Lockport, Ohio,... . 
Bridge No. 85, 

9 NO. 30, 
Swan’s bridge, 
Fort Wayne canal, . . 
St. Mary’s, 
Plymouth, 


| 
| 
| 


Kind of bridge. anna of Length of spans. gar pany: Teg oF ea 
Bee da Fe. an 

Through 1 262 0 Double. 524 0 
“ie Weel, I 182. -6 x 364 0 
. Half-through. I 86 8 es 173 & 
ie Deel 3 2001 5 Single. 61g..3 
66 4 232 1 ‘6 928 6 
Through. | 1 meen3T9 0 - 31016 
Weck. 3 Gy 137 0 Double. 822 0 
a 2 spa 36) . 2310 
fs I 178. 0 Single. 175. 6 

Through. 1 IOl 9% af IOlL 9% 
‘ I 130.70 . 130.6 
e I 102 6 . 102 .6 
a 7 157 0 & | 1,099 0 

x i 104 10% e 104 10% 
ss a7 ee eee % fo. 
gi ree 154 0%)} . 154 0 
; I ey TTS 60 Double, | 230-6 

a I 136 10%| Triple. 410 7% 
es ee 147 0G Single. | 20470 
st ye | 

Deck | re 81 0%! ‘“ 81 0% 
s 1 82 6 | 1 Doug 7 165 0 
: Lape | z 4 Single. | 422 9 
“ | 541 gage Double. 1,428 6 
“ ree: | 88 9 Single, 88 9 
iE | ae | 88 9 ‘e 88 9 
- LP ae ne 208 4 
“Halt through, | I | 52. 0-1). Double: 104 0 
Gg 2 " 3 | Single. 156 § 
: I bie ae ss 77 6 
- it 42,8 | ys 42 8 
G I O20. | aS 92. 0 
. I Jo 11 | iS 78 I 
Deck. 6 £63. 40.) es 982 47 

RS 2 159 4 Single. 

Through. I 175.0 | Double, \ ne 
Deck. 4 205 Oo . Single. 820 0 
Through. I 225°70 . 235 0 
“6 I ‘le 342 Oo “ 342 fe) 
Deck. 4 205 oO 820 0 
Through. 2 342 0 fe 684 0 
6“ I 94 fe} “é 94 fe) 
sf I 104 0 se 104 0 
* z 104 0 & 104 0 
; - I F242 a 1242 
Half-through. I 72) 30 . 726 
af 2 72 © Double 292 0 
“ Ps O14 Single 122.8 


Pee el eee 


KEYSTONE BRIDGE COMPANY. 
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Tron BripGEs CONSTRUCTED BY THE KEYSTONE BRIDGE CoOmpany.—Continued. 


NAME OF COMPANY. 


Pittsburgh, Fort Wayne and Chicago Railroad,. . . . 
“é “ce 6 “ee 


“ce “ce ee 66 ce 
“ee ce ee ee ce 
a3 ce ce ee “é 


‘ 
“<c “ce 6“ 
“cc 6c“ 66 
&s “ce 3 
66 6c 6“ 
“ “6 “6 


West Chester and Philadelphia Railroad, 
Connecting Railway, . 


“ee “ce 
ee “ce 
is3 “ee 


Chicaso City, . . . a. 


| ae 


Allegheny City, Beas 


Chicago City, . 


6é e 
be be 
6c cc 
ee ee 
ee Peg a 
Terre Haute and Indianapolis Railroad, . 
6c ce 6c 


Dubuque and Dunleith Bridge heey. 


“ce “ce ““e “ce 
t 


LOCATION. Kind of bridge. 


Number of | 
spans. 


Length of spans 


Bridge No. 33, Wooster, ja Sl Half-through. 
Canton, Ohio,. . HS Sok ee 
Bridge No. 2, Se ee 2s ee 
Loudenville, ge eee sae Deck. 
Kaler’s, ee ea es : «e 
Beaver slide ec a ee es “ 
Pranks) 0) oe era Ae ef 
Nevaday a3). en eg ae ae, a “ 
Upper Sandusky, ee ee) a cs 
Dauphin, Spans 9 and ca iy Through, 
Reservoir, Baltimore, . “ 
North avenue, Baltimore, Half-through. 
Hominy Mill, Baltimore ; A ae ce 
White tial... 2. SUC anes 1a a ee 
Bridge No, 6, ee We ean te as uy 
Bridge No. 113, . SAL, eae eee Deck. 
Gunpowder, Through. 
Burns’ bridge, . . cai nace 
Charles street, Baltimore, ‘ 

Mayland’s creek, Philadelphia, Deck. 


Thirty-seventh and Poplar streets, Philadelphia, Half-through. 


Girard avenue; Philadelphia, 54 0... ef 
Broad street, Philadelphia,’ .\4:- : a 
Eleventh and Germantown road, Philadelphia, S 
York avenue, ee Ree a 
Richmond Branch Railroad, ee ee c 
Schuylkill river, een sree Deck. 
Madison street, roadway, . Ae Half-through. 
Randolph street, “ BS i As ea ke aS 
Lake street, a Sie ay alone sS 
Ohio street, 6 eee Poa Soe 8 a 
Adams street, .| Through. 
ef {e plvOuspallna ti nae ae oe 
State street, eid ae Half-through. 
“6 “6 Deck. 
Saas ivot span, 5 cf? Ehrough,, 
North Water and Wells streets, . |Half-through. 
North Clark street, 5 s 
Wabash river,. . Through. 
es ‘pivot, eae oo ee « 
Wubuque: sore spans.) 4... fe ee sf 
ny miver =< Spare id 22 ene ees Pen 


tar Ne YN SEDYH NWSE Nee D 


(a 


HD CORB & & BN Rm mm mm mm ee Ww WwW 


Pt liane 


aS 
ye 
2 OO 
NO 
ee Pe ee ee OO ee 
DO 


Single on couple sae CRIT 
Ft. In. 
Double. 2904 8 
Single. 70 
Double. 158 8 
Single. 210 6 
“cc 84 re) 
Double. 819 oO 
s 272.8 
Single. 128 oO 
‘s 86 8 
ee 217. 6 
se Al2 1 
Double B12... 0 
6s 430 re) 
ee 209 vi 
“ 148 0 
« 12070 
es 1307 co 
ee 323 é 
6é I 58 4 
s 248 6 
Single. 128 5 
Double 242 6 
\ ce 302 9 
\ 66 283 


un 
1S 
a 

© .G\'0;- 0. 0201.0: 0: =O: 


913 0 
1,116 
165 Oo 
154 0 
815 Oo 
744 0 
3382 0 


KEYSTONE BRIDGE COMPANY. 


Iron BripGES CONSTRUCTED BY THE KEYSTONE BRIDGE Company.—Continued. 


NAME OF COMPANY. 


Dubuque and Dunleith Bridge Company, . 
Baltimore and Potomac Railroad, 

Pittsburgh, Fort Wayne and Chicago Railroad, 
Marietta and Cincinnati Railroad, | 
Cuyahoga, 

Kansas City, 

New Orleans, Mobile ‘and Chattanooga Railroad, 
Keokuk and Hamilton odes doe 

New Haven, Middletown ake Willimantic Railroad, 


“é “é “6 6c 


New Jersey Railroad and Transportation Company, . 
“ec ce ce oe 


Newport and Cincinnati Bridge Company, . 


Illinois and St. Louis Bridge, 
EMiadelpa : 


Junction Railway, Philadelphia, 
Pennsylvania Railr oad, : : 


| 


2 


LOCATION. 


Dubuque, river, pivot, 
Long bridge, Washington, pivot, 
Chicago, pivot, 
Muskingum, near Harmar (Piveh, 
Cleveland, Ohio; Ee ee 
Kansas City, pivot, . Bae 
NOS,.1,'2, S,aplvot,- 
INGs a, pivot, 
Keokuk, 

6é 


oe 


es DIV Oli eE er vic Se eee 
ae Ponnecticit, . 
66 é 


oe 


oe “cs 
Newark, New Jersey, 


T7 ce 


pivot, 
Newport, market space, . 


bs triangular trusses, . 


River spans 5 and 6, 


66 
4, 
66 66 2 
o? 
6 “6 
2, 
66 “c 
i, 


Shore spans, 
oe a3 


66 6 


2 Co. plate girder. 
St; Lonis, 
Fairmount bridge, 
“ce 66 


approaches, 
Mayland’s creek, At 
Canal, cris etl 
Coatesville, , 

Big Conestoga, . . 
Thirty-fifth street, Philadelphia, 
Columbia, 

State street, Harr isburg, 


Schuylkill, Delaware Extension, 


No. 5, Little Junction, 
Garver’s Bridge, Juniata river, 


Mount Union, “ “ 


Mayes, “ 4 


pivot, 


} 
ne 


| Kind of bridge. gies ak of | Length of spans. i Teee ere 
ee co Rao | Ft. In. | Ft ite 
Through. | 1 | 356 6 | Single. || 356 6 | 
Deck | i 1D 3 a | Double: 240: 4 
Through, | vee 22570 | Single. 225 40 
66 } I | 133 Il | ee } 133 Ir 
is | I %306 oO | . 306 oO 
e Pe 359u: | © 359 4 
« 2 101 0} 2 513 
| La 235 0 | a 235, 0 
Ue 4 161 7 | | 
e | 3 | Be : | Double, 4,018 0 
sone Sees peel. lei. 376 5) | 
ce 2 | 54 oO } 
x aes 206 oO } | Single; 1,232. 0 
“ ree 300. oJ} 
66 2 | { I. 95 49 : 
eae | Double. 847 0 
: “ | | 213) O 
. |Half-through. | 56 0 Single. 
(C4. 4b 8 11 Railroad, 
“cc 3 | | I 45 (@) | “ce 
(LI. 44 4 (2 Roadway. 
Through. 23) 200;.9 | 4 “ 
ce He 257 I oe 
3 I 2270.8 | 6E 
“6 I | —_ 415 ro) “ | 5,924 6 
66 I | 138° 0 | «“ 
Half-through. 2 anna al & 
Through. I 116-.0)-| Single! 
Deck Vi 75.11 “ 
ef z { ‘ = : } _ Double. 
boy ye Bis Ot) . 
I { ee of] - eae 
I 348 0 is | 696 6 
aa a Sees 1,290..9 
Through. I 132 20 ‘ 264 0 
Half-through. H 76.0 “ 159 0 
Deck. 6 140770 °4 «s 1,680 0 
e 2 140 0 | “s 560 90 
Half-through. I 7A ns TAS" 40 
Through. 2 960 «0: |) Single: 1O2s © 
“ee 4 I 25 3 oe 125 3 
oe 2 192 ° i oe 
{ |Pivo _ 192 Of| ce 
« 2 82 6 Double 165 0 
Deck 4 125 4) ib 1,002 8 
e 5 I 23 6 | oe 
- { Piet. 0 hi aa 
“ 5 135004) “ 1,250.9 


KEYSTONE BRIDGE COMPANY: 


Iron Bripces CoNsTRUCTED BY THE KEYSTONE BRIDGE ComPANy.—Continued. 


NAME OF COMPANY. 


Pennsylvania Railroad, . 
ee 


Chicago and North-western Railroad, 

Little Miami Railroad, q : 
Philadelphia, Germantown and Norristown Railroad, ; 
Keokuk and Hamilton Bridge, ae 

New gry os pau and ag: pussies Company, . : 


Pittsburgh, Washington and Baltimore Railroad, 
eet, or oe and riage chor wae : 


Oil Creek and ee River Railroad, . . : o 
oe, was paley oleae, Se A a aL See 


Pittsburgh, Washington and Baltimore Railroad, 
United Railroads of New Jersey, . he 


Lehigh and Susquehanna Railroad, 


Baltimore and Ohio Railroad, : 
po emering rey, pimese sue : 


od 
Pennsylvania Railroad Extension to Pittsburgh, ‘Cincinnati ) | 
and St. Louis Railway, . \ 
Pennsylvania Railroad Extension to Pittsburgh, "Cincinnati 
and St. Louis Railway, . . \ 
Pennsylvania Railroad Extension to Pittsburgh, ‘Cincinnati \ | 
and St. Louis Railway, . Se ee is 


LOCATION. Kind of bridge. 


Johnstown, Conemaugh, a 
Duntlercreek | Sy eo * 
Shaw’s creek, aru in ee re! . 
No. 7, Little Juniata, Se eee es if 
Nov io; Re ee H 
ING. 3; Summerhill, Sa ee ie ge eee a 


Nandevender, Juniata, 2000 9... ae Ms 


PLATE GIRDER BRIDGES. 


Negaunee crossing, 
Cincinnati, ; 
Manayunk, ; 
Levee, Keokuk, 
Newark, 

Metuchen, 

Laurel run, 

Beaver Fall, 

Chicago, . 

Cherry run, 

Lucesco, . 

Sandy creek, 

Plum creek, 

Negley’s run, 
Puckerty run, 
Tarrentown, 

Chartiers, 

Soho, Spans I and ae : 
Metuchen, No. 1, 

« No, 2; 
Firmstone, No. 1, . 
Odenwalden, No.1, 
Stauffer’s, 

Allentown, 

Bethlehem, 

Lehigh Gap, 

Odenwalden road-cr ossing, 

Packerton, : 

Firmstone road- -crossing, 

Jones’ cattle-way, 

Parkersburgh, . 

Over Richmond Branch, 

Over Philadelphia, Germantown and Norristown Railroad, . 


Try street, Pittsburgh, 
South Pittsburgh, 


Over Pittsburg, Washington and Baltimore Railroad, 


Number of ve Length of spans. 
spans. 


ws 
un 
O-0:.020 10.00: yer 


oo 
an 


be oe oe | 
un 


ioe) 
oO 
ODO DOFONDANIWWIOADRVICVCPCIPCIORVPOVCODVCDPDOKRGCCDDOADOO 


oo - 


& 
bt 
wa 
On 
[o) 


5 ay 
| 


Single. 


Single. 


ce 


Double. 


Single. 


Double. 


13 


Single. 


Double. 


6e 


Single oF cos 
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Iron (PLATE GIRDER) BripGES CONSTRUCTED BY THE KeEysToNE BRipGE Company.—Continued. 


Pennsylvania caren, 


66 


Northern Gentral Railway, 


66 


Northern Central Railway, 
Kansas City Bridge, . . . 


Pennsylvania Railroad, . 
&é ce 


“e 


NAME OF COMPANY. LOCATION. | Namber of | Length of spans. | S#8!¢ 5) SS 
an coe ois ae Ft. In. Ft. In. 
Mayes Bridgeveanals 26. Sie ees I ei! Double. 146 0 
Paxton creek, Dor tae I 46''0 re 92 0 
Little Conestoga, I 30.70 a 73). 0 
i : {i 53 ‘| 
INO. 4, Little fumiata, 525 eee ee a 4 52.7 5 . 420 0 
Tt; 50. 8 
Haverford street, ier 3 RM ak) aera I 58 0 4 tracks. 232-0 
No. 1, Hestonville, oe Me ON eS 6 Ds I 37.0 Double. Th Oy 
No. 2, Ls Pe ua eee a Ra I B30 < 67 0 
I. 69 at «“ 
Conemauphery 2) ee ee 2 { 1. 59 7 : 258 0 
Strickler'cy 3. ce iy ert G ahh DU leg al agen east los eters ele Ou 6) eal eene ee 100 O 
ag a Jail bridge, Baltimore, I 122 <6 se 244 0 
Race <§ I 24. 6 < 49 0 
INOS Ber ec ee ist kee A Gee Cee ss tes 2 52 2.3 “ 209. 0 
| oS James ae) ee Cae Oh oe ee a 2 $4.0 Single. 108 o 
Ma grawis 3. eh a ee eel gee) ae ae oe I 33,70 Double 66 Oo 
Ryder epee cae Ore We eh Cee ite ere I 33.0 ff 66 o 
Nerby’s, I 280 as 56 0 
No. 94, I 26:6 O 53 0 
NOMS ee) cee aaa ht er ig SG aay 2 63.3 Ay 2530 
TRIANGULAR GIRDERS. 4 Seed 
nt a Pann Te t+ 
Easton Viaduct, : | 8 i S<s) Single 428 3% 
Snufftown, a I 45). 6 “ 45°60 
Lehigh Gap, I 46:6 fe 46 6 
ite 6 a 
Coplay, 2 { “ ze : \ 155.50 
Poko Poko, . - . 2 50 (0,1. Double 200 O 
INTONOCR GH i. aay GP aes eee ee I 7 0 a Lig” © 
Catasauqua, I nb 0 Single. 35 6 
} Pee ais No. 7, Delaware bridge, u 37 30 a 370 
FAS DRIER, Fort ne and Chicago Railroad, | No. 31, Sugar creek, I 47 0 eS 47-0 
a * | No. 27, Newman’s creek, I 47:0 € 47:2 
so) NOSHIya andi174,<.° . o 58 oO Double 232° 
. | Span No.1, I 7-0 Single. 7O 0 
| State street, Harrisburg, roadway, I 5o.0 Double 1G ‘Oo 
| Villa Nova, roadway, . ... I 48 6 Single. 48 6 
. | West Chester Intersection, roadway, I 48 6 & 48 6 
. | Parksburg, No. 128, Sak” ee s 46 6 4 139 6 
. | Bell’s Mills, roadway, ‘ I 56 G2) x 56 6 
fo Ned at and 2; epider ne te 2 56:6 “ 113 7o 
«| Bergen street, : 2 40.0 | ‘+ Peiple. 294 0 
: Linnet street, 2 42° 9 1 Ks 256 6 
oo | | 


Total length Iron Bridges, equivalent single track, . . 
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KEYSTONE BRIDGE COMPANY. 


Pal OF WOODEN BRIDGES BUILT BY KEYSIONE BHIDGEH CAMPANY. 


NAME OF COMPANY. 


Philadelphia and Erie Railroad, 


“ “é “6 
“cc ee “ee 
“ec ee ce 
“é ““ 66 
a3 “ee “cc 
bs 6 6“ “cc 
ce ee ce 
“ “ “c 


‘ec oe ee 
ee “cs “ee 
“ee “é ce 
“ ce “ee 
6é “ce 6c 


Williamsport and Elmira Railroad, a 
ce 


“ “c 

ee ee “é 
“ce 66 66 
“ec 6“ 77 
6“ 6“ iG 
‘6 “ “ec 
“c 6c “<6 
“e “ce ce 
6c “cc 66 
“cc 66 ‘6 
“ce 6c“ “ec 
56 ‘“ 6c 
ce ce ce 
66 &e 77 
ce “e “ce 
“cc “cc 6 
“c “<“ 6c 


oe “ 
“ce ce 
oe ee 
“e “e 


Allegheny Valley Railroad, 


“ 


“ce 


6e 


“ec 


(73 


NAME OF BRIDGE. 


Sunbury; . - 
Northumberland, 
Muncy dam, 
Williamsport, 
Lycoming creek, . 
Bald Waple 7: 
Warren, 

Muncy, . an 
Westport, . . 
Keating, 

Codorus, 

Gut, hee 
Conawagua, . . 


Dauphin, . . 


Heck’s Furnace, . 
Penn Yan, 

Clark’s ereek,.: 
Bridge No. 1, . 


2, 
cz% 6é as 
“ 73 as . 
[a9 “ 
9; - 
oe “cc 10, 
“ “ Il, 
oe “ce ig, S 
6s ce 14, i 
<< ce 15, 
73 oe 16, i 
(73 oe 20; 
“e 6é ai, 
“cc “ee 22, 
“cc ce 23; 
ce oe 24, : 
oe oe 25, : 
“cc (73 20: ny 
Bridge No. 1, 
ce “ec 2) 
“ce “ce By ¥ 
“e 77 A; - 
&é ee 55 z 
Clarion, 
East Sandy, . 
Mahoning, 


Red Bank, 


Number 
of spans. 


NNYDND # HWW NNNN OD 


ee On | 


NS 


NRoNN WN 


Length of spans. 


Ft. 
161 
153 
150 
156 
110 
156 
165 
161 
162 
152 
150 
150 
150 
210 
100 
130 
138 
120 
138 
175 
228 
140 
195 
162 
160 
192 
184 


Single | 
double. 
In. 
Oo By 
oe 
fo) eo et 
fo) I | 
(o) Tie 
0) I | 
° Bie 
Oo I | 
fe) Bed 
6 | 
fo} 
c | 
oO Ra 
nies 
a | 
6 2 
fe) LAS 
6 Se 
{o) 14 
2 I | 
ro) I 
6 I | 
fo) I 
oO ap 
oO?) | 
I 
te | 
fo) Ey | 
° | I | 
6 Lea 
fo} To 
8 I 
64% Fi 
fe) i | 
fo) ae 
ot ae 
° re | 
2 iE | 
6 
ee 
8 
6 
: | 
5 | 
4 . 
I | 
Ad eg 
fe) I 
oe 
0.55 aa 


Total length, 


@= 60000 6 0-0 0 6.0008 
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AO : KEYSPONE BRIDGE COMPEN. 


List oF WoopEN BripGEs BuILtr By Keystone BripGE Company.—Continued. 


NAME OF COMPANY. NAME OF BRIDGE. ao Length of spans. Single or Total length. 
i : es Fe In Ft in 
; ae 207 II 
Allespeny Valley Railroad... 84 ee ee | Oil Gia: 3 218 5 1 634. 3 
207 11 
Benois Branch, Western Division, rt. fe es ol Moramers run, I 60° © 2 60 oO 
“ “ « “ ELON Cam reew so. ener Ue Gail OGCe ae 50-0712 ae §0,79 
“ “s fe 4 a oe) Rebmwenemn: Jt 180 0 I 180° © 
‘i 6 ‘ ‘ Pine run, pet ee a . oy 
“ “ 6 a Indiantown, . Lee] 50 Oo I 50.49 
“ “ “ “ Beaver run, . I | 50 O I 50 Oo 
“ “ “ “ Lee i onineons boon: 3°% 65-0 I 195 0 
q te Midale DIGisiOn 70.8 eto a oe a: Le Bride NO, ek re 65 oO I 130° 6 
“ 6 ‘ 66 Oe 66 “ 2 2 80 oO I 166-6 
6é 66 66 “6 é 
6“ (7 6“ 66 : ie 3 . a ve ’ ms : 
oe “ee 6eé “ce . : hy i : ee : 
ne eee er Ue ae a Aa ae ns oy 3 65) 0 I 195 0 
“ “ “ “ CREE aR. Oke ag) a eae ia is: (Creel 6 I 70 Oo I 7O°<0 
Ks ee cs u ee ee Sh ee bidee INO. | 3 . ae I 220 0 
1G 66 66 «6 GG iG 6%, I : 50 e) Z 50 (e) 
‘6 i ‘ ; “ he 2 80. © I 160 oO 
“ “ « “ i oy Be 3 80:0 I 240 O 
ce “ec 73 ce es 4 8%, I 60 ° - 60 2 
S aor 2 80 0 I 160 0 
66 és “ G “ “ To, 3 65 fe) I 195 Oo 
ee “ce “oe “e ce “ce 80 ° 
II, 3 { \ 1 220 0 
2: 
oe ee “se ee ce ce . 
12, 3 80 0 I 240 0 
«“ ‘“ “ “ ee Sea ic os | Sean aan ue Ue aeey 8 65 0 I 195" "0 
6c “é 6c i”? | 2 
East Pe ee ee Neadio s grit: I 840 ae 84 0 
Ag oe af fe | Laurel run, ae a I 73 *O. oy 73.9 
i ‘ r fs Bridge west of Big Cut, 2 FBO I 146 0 
se “cc 6s ee | ee east ee “ce y II Z II 
“ ‘ 66 ‘6 | Brid N ae ae 
“ “ee ‘ ““ a 8° “ 43 ; 75 3 : 75 
‘ ee “ce 2 
ee ee ee ee ee ce a ‘ 75 : : 75 % 
‘ ‘ ee “e ig e rs? . : 313 4 
. ‘ “ee “ce 
: Sr eae 1, 2 140045 2 292 10 
i u Neadie: . 74 (All single track,) ; B 20°08) 60 0 
ee “ ee “ee 6é ee “ce 
6 25.0 150 0 
ce ee ee “ce “e “sé 6é 
4 20°.6 8 80 0 
West P. lvani ilroad i eee 
est Pennsylvania Railroad, . Conemaugh, Section 3, 4 14t Yo I 504 6 
“ 66 &e | 66 6é od — 7 
“ec “ “6 “ - 3 aA : pend 
Hes, 3 140 0 I 420 0 
6é “ec “ce Wolf ad’ 
ord’s run, . 2 242 0 I 484 0 
ie ee Blairsville 
i 5 : , 3 199 9 I 599 3 
Beavermin, 77 2) es 2 96 23 I 192' 6 
sé “ec “ce 7 + 
Livermore, Section 6, . 4 140 O70) ba 560 0 
a 45 : Short span, 7 “4 33 I S27 oa 839 
“e 
° hi Freeport, See 5 160 oO | I | 800 o 


REYSTONE BRIDGE COMPANY. 


AA 


List oF WoopeEN Bripces Buitt py Keystone BripGE Company.—Continued. 


NAME OF COMPANY. NAME OF BRIDGE. ee | Length of spans. 3ibie 
Le re 
| | 136. 6 | 
| : 5 
159 11% 
West Pennsylvania Railroad asl ae i se ; | 6 ) 152). 83f H 
| | | 159 8 
| | 159 oO | 
a e Wo Butlalo; creel fee a te es | ae AES 
e¢ “ se Bull creek) ere cy. cl eRe SO ae | Sales ee 
6 43 (OS RTS Bs ENS re ee aah Ay chen aN MDeeK Cree kes aera oS Io ee a Re a nee 
| P25. 0 
Lehigh and Susquehanna Railroad Turmbole, 0 ty ees i ee ee One a 0 | 2). 701.S I 
| 3-133 6 
Ke es ee Beye Ae ae or es Wem ShIOns ian ain ts AO a ee nes. rE’ i EL 8 I 
‘ « “ Daneyaillesg fe een es via 163 0 re 
o e WISeDOLG fe) a ram Meera) abe. a a eee Hi 3 146 3 I 
“ ‘< Cee ER Swartz’s dam, ny ah hg ai AS ae pee | I 152 0 I 
“ ‘ “ Wheeler’s Lock, : Donen. ey aitenuuaivek | I I5o oO | 
“ “ ee te ee Bethlehem, Canal S, : | I 82 0 I | 
Delaware Division, ep vans panel, aie ‘TohicanyAe@ueduch: es Giga Ca Ce es wie 3 66 o I 
eek eS Tinicum es sree As rts 2 56 oO I | 
a es 4 ss Gallow’s Run Aqueduct, . ne : 2 Sap ets) ro] 
* Ze & - Durham eh ins ee oa 2 5724.9 I | 
f 123.0 ) | 
Cumberland Valley Railroad, Powell’s Bend, oe 7 ug as 2 pee 
| 165 ai | 
~ Mifflin and Centre County Railroad, Rewistown-canal, (0508 se ag ee neues I 55 66 I 
i & a eae Lewistown river, . Bae 4 152 8 I 
Tyrone and Cieanfeld Railroad, @learteld creck.) a ee er uke {iS eas ee 2 150 0- I 
Pe ee ey caren, Carat uktts Roaring run, me I A236 I 
Williamsburg Branch, Ei irenin Railroad, Piney creek 05 ae a a ok he I 82.3 I 
a Juniata 2) oe ei tN 2 103: 4 I 
Columbia and York Railroad, F Columbian 35 2. ae tos £92) /0 I 
Lewisburg and Centre County Railroad, Juniata river, : a 2 102 6 I 
Harrisburg and Potomac Railroad, : ee Yellow Breeches; 77> <3... en I 128.73 I 
Pittsburgh, Cincinnati and d Chicago B Railroad, Pity ere ee BridgeNO.30n, as : ut’ fees 
Miscellaneous,. . . : Johnstown Manufacturing Company, ‘ 2 82.5 I 
in Turtle creek, aie NEUSE AGUA Te ene tes ae Tyo i 
be | | 4 150 to) 
Giides Bead. ees ee si I 
CM ee ee ee a 4 . .| Sharpsburg and Lawrenceville Bridge cult eS 130.0 I 
ue . . | -bhomson’s run, : Saeed I 60 <0 I 
in =. |3) Kansas: City, ee | 2 { oo oT I 
3 ee Pe . .| Lewisburg, ee, Pe testes : 
Baltimore and Potomac Railroad, . . .| Rogue Harbor, : | I 52-0 I 
2 ‘ ‘ _. |) Herberes rum, cee a 3.0 
6 “ - es Little Patuxent, EON 17529 | I 
. si ie .-, | Bip: Patuxent, ke 145 6 I 
“ “ “ .& Patapkeo, . 2. Be utea! 1360 | I 


Total length. 


Ft. 
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104% 
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AR KEYSTONE BRIDGE COMPANY, 


List of WoopEN BripGes BuiL_t sy Keystone BripGE Company.—Continued. 


| Number 


NAME OF COMPANY. NAME OF BRIDGE. of spans, Length of spans. Sma Total length. 
; oo Ft. in. Pte. tap 
Baltimore and Potomac Railroad, . ‘ Long bridge, north channel, . 3 137-76 2 412 6 
‘ ce ‘“ . a Li 66 south Oe 9 137 6 2 1,237 6 
“ “ “ ce ce east branch, : I 10149 I Iol 9 
“ “ « ub 7 Spans'Q andaRy : 2 82 0 2 164 0 
“ “ “ ie ee “e 6 pivot spans, I TAL 2 I I4b 2 
Oil Creek and Allegheny River Railroad, OleOpolisy. 3.05 5 Ala. I 120 0 I 120 0 
“ “c & ee Rouseville, 2 147 Oo I 2904 0 
6 6 “ “ec Oil City, 2 146 oO I 292 0 
‘ “ “ 6 Hidetown, . . I 80 o I 80 oO 
Alexandria and Fredericksburg Railroad, | Cameron run, - I 104. 2 I 1047 2 
oy ne Bete oe. oe ae ee peek ier 92 0 I 92 0 
(77 66 : 3 schitc Gaer en, atatee pasate See | | Accotink, A ‘ | I 76 9) I 76 [20 
Pittsburgh, Cincinnati and St. Louis Railway, | Monongahela { 5 Long pes, \ eat it 
6 eb Oe aeRO am Bray! gi 9° h Zz 
ort s 217-0 
66 6 “ «ec | Bailey’s ; ° oe I ge oO 
“ “ “ “ AVIS S CREE oh. ee I 150 oO I I50 0 
“ “Nake 6é & ee 6c Non2s | a 150 oO I 150 oO 
‘“ ‘“ « ‘“ Saw Millvun, 9 2 |. pees | 234 O I 224 Lo 
| 
Total length Wooden Bridges, : .| 47,600 o 


THE KEYSTONE BRIDGE COMPANY, 


[RON FOUNDERS MACHINISTS 


se a ae mn oe aeam aE, 

“CRS Casrines OF EVERY Dascanion “FURNISHED TO ORDER aan 
WRI me nes neg) 

EQUAL TO BEST PHILADELPHIA CASTINGS. 
CHILLED AND SAND ROLLS, ROLL TURNING, 
PULLEYS, FORGING, 
HANGERS AND GEARING, SMITHING, 
BRIDGE CASTINGS, GENERAL MACHINE-WORK, 
ROLLING-MILL CASTINGS, MACHINISTS’ TOOLS. 


MACHINE CASTINGS, 


+. <b + 


Our Shops are fully equipped with superior Lathes, Planers, &c., used in the construction of the St. Louis Bridge, and 


every appliance requisite for the execution of general machine and bridge work. 


(43) 


CARNEGIE, KLOMAN & CO. 


e Union IRON MILLs, * 


OF PITTSBURGH, PRR INS YL Vaai 7 


Sore Manuracturers, Unver Our Own Patents, oF 


IMPROVED ROLLED-IRON I BEAMS AND c BARS. 


Aso, Manuracturers oF 


BEA OUALTTY OF OCOME TIVE AND ‘CAR AXLEG 


KLOMAN BRAND, 


ROUND AND OCTAGONAL Houiow pu HT-IRON Conn : 


UPSET BRIDGE LINKS. 


MERCHANT BAR, OF ALL DESCRIPTIONS; HAMMERED AND ROLLED AXLES, FISH-PLATES AND BOR 
FIT ALL PATTERNS. OF RAILS, BRIDGE TRON: fats a / 


General Office and Works, ~ Western Office, New York Office, 
PITTSBURGH, Pa. 211 WASHINGTON AVENUE, St. Louts, Mo. No. 57 Broapway. 


(44) oe 


i aban OS ne he es 2 “2 3 


ee 
#¢, UPSET CHORD LINKS. See 


++ <a -- 


THE KEYSTONE BRIDGE COMPANY HAS THE EXCLUSIVE RIGHT TO USE 


UPSET LINKS FOR BRIDGES AND OTHER STRUCTURES. 


“+: <P oe 


THEY HAVE ON HAND ABOUT GOO TONS OF 


SUPERIOR DOUBLE-ROLLED LINKS. 


6 inches by finch and7 inches by f inch, in lengths of 27 feet 6 inches between centres of eyes,—eyes 32 inches in diameter. 


These Links are of SUPERIOR QUALITY, having been thoroughly tested, and will be made into lengths of about 12 feet, if 


desired, and supplied to bridge-builders and others at greatly reduced rates. ‘They have been painted, and are first-class in every respect. 


THESE LINKS ARE WORTHY THE ATTENTION OF BRIDGE-BUILDERS. 


a ee ae 


TESTING-MACHINES, 
HyDRAULIC PRESSES 


+> + 


THE COMPANY OFFERS FOR SALE, VERY LOW, 


#2 ONE HYDRAULIC TESTING-MACHINE, 


SS os ance ee eee eer armmeee S e Yar 


USED IN TESTING STEEL FOR THE ST. LOUIS BRIDGE. 


Diameter of Ram, 24 inches; stroke, 18 inches. STEEL PULLING-BoLT, 6 inches diameter, passes through the rear end of the Ram for 
making tests of tensile strength; StrrL TENsIon SIDE Bars, 40 square inches to each side; COMPRESSION TIMBERS; FOUNDATION ‘TIMBERS; 
Camps AND BaNnps for connecting specimens 534 inches diameter, also, for small test specimens; LENGTHENING-BARS, WRENCHES, and 
extra fittings; THRer Eccentric Hyprautic Pumps aND STEAM-puMP; HypRauLic Pipe anpD CoupLincs. This apparatus is adapted for 
tests of 800 tons in compression and 520 tons in tension. Will be sold greatly below cost, as we have other machines in use at our works. 


ALSO, 


EGE TE Ay DRAULIC KAS 


USED IN THE ERECTION OF ST. LOUIS BRIDGE. 


7 
en a 


Diameter, 11 inches; stroke, 13 inches. Provided with jaws for tie-bolts, and designed to be used in testing. These Rams have been 
subjected to proof-strain of 5000 pounds per square inch. 


Five Hypravtic Manp-pumes anp Four Mypravtic GAUGES. 


With cross-heads and weights. These Rams will be sold very low. They are of superior quality, and well worthy the attention of parties 
desiring to erect testing-apparatus, presses, &c. 
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Plate 5. 
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Pawrec By H. S:Tovoy & Co. Prita. 
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Division HK, 


Spans 15016 to 500 rt. 


Constructed by the 
KEYSTONE BRince Comey 
Pittsburgh, Pa. 


Neweory & Cincinnati: 420 Fr. 
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Pawres By HJ Toucy & Co. Prita. 
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Plate 7. 
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SHOPS,ENGINE Houses, IRON & _ ; 
Steer Worus, &c. ZA " 
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IRON RooF TRUSSES 
for 


DeporTs, &¢. 


Designed & kreeted by the 


KEYSTON BRIDGE Co. 
Pitisburgh, Pa. 
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Plate 9. 
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Elewation. A 


Section at Centre. 
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WroucuTlRon TURNTABLE 
with. 


J.L.Pipers Improved Centre 
Paqenyeo Ody. 22H? 1874. . 


fonstructed by the 


KEYSTONE Brivce Co. 
Pittsburgh Pa. 
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Fig.l) = Total Load 40 Tons, Fié 7. Total Load 80 Tons. 
a 32 42 48 §0 §0 48 42 2g ig 28 52 si! 83 100 1c8 108 102. 82 48 : 
oT © a we, ae tA 2 A+ flo i ££ Wis 18 23 te XX a0 ic Xe te & Ne 4 kao 3 ah _ 
Bae Sy eee 42 48 48 42.) 32 38 2 28 52 22 88 100 102 92 48 2 
epee rs fo ee ee eee eee segs TGS aa OG Gr SG GEE Se Se A SI + z | “. t ee ee 
Fig 2. Total Load 10 Tons. Fig.8. Total Load 90 Tos. 
J 2 32 i 6 6 1 a 9 3 oa a pe Se a 
ys Pe / 
rt aS 1s ics 4 os We fees d 6 1538 Se go Bs ah aN tr & 3 & b Hl Sh 25 YG 39 o% als - 
(B 2 3 4 5 & 7 8 2 33 62 87 108 125 ily 92 53 2 
| 10 | 35 BB cs i 4 | ar 9 a WET 4s e ; - if oc r os T ro a i i mt 55 
Fi¢.3. Total Icad 20 Tons. Fig. 9. Total Load 100 Tons. 
3 6 9 12 15 1g 21 24 24 7 33 14 10S {32 145 145 i44 129 100 57 
ge bX bh bY 3% >: Bea NSOt fh ne ais A 3h OX ay AW ag 4 2) 615 26 a9 as ys sp 38 
3 EN 3s 2 is \18 2i TN 2 33 14. Ni 105 2 N44 199 00 1 87 2 
an 7] Soe 
Fig. 4. Total Load 50 Tons: Fig.10. Total Load 10 Tons, 
19 34 45-52 Si 255 54 49 40 rai mi a8 125: 2 180) [60.160 ISG 138106 ' 
Unirorm 18 . J. 18 Unironm. 138 é i g { 
io 1? er > Be co xa wa BOB 2 gore 2a te R42 WK 3B AR 2H AR H0.-N 4 & bs ae Kt we - 
in Suncor 2 19 34 i 45 52 \V’ 54 43 4G 21 2 Ow Sueeaar. 21 46 33 126 150 Is6 1138 1 106 60 2 
ee ey pe ea 3 I 29° 48 Cz z NS. ; ~ + - + a ai 3 T * | - : : es 62 
Fig.5. Total Load 60 Tons. Fig.l. Total Load 120 Tons. 
21 38 51 60 65 && &6 63 56 35 54 104 6G G2) 0 90 164 144 Ho. 62 
x ' 
18.2) & ah ne pe se rx) OB OTe ibid 7 18 sig 50 SW 3e MH 22 ARK B AR 0 6 20 Se 34 8 9% a2 Ff 
3 aa Ni 38 NV si \I_so Nes e3 | 56 [35 2 Pe 54 NJ tog NJ 40 Ni ten Ni tg | 14a 1 0 1 2 2 
ee ee 8 a ee = 2 rz 37 56 C1 = 1 x + # | z t = t 2. | a + = ae 
Fig. G. Total Load 70 Tons. Fig. 12. Total Load 6 Tons. 
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1B ag A® 20a 6 ee BROW ) 0 Ih 2 28 3 ae 38 E 63 ao WR 35 Me A ABM 7 pe ee: ah 3s #6 49 6% gs i 
: 24 44 66 72. [-18) G4 rit] 42 nee uns 63 12 147 169. 168 147 NZ 63 oa 
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